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GREETING 

To the young man — ^particularly the young black- 
smith — who is endeavoring to increase his usefulness 
this volume is directed, that he may perhaps by its 
perusal be enabled to make use of my years of experi- 
ence and thereby be able to do more and better vv^ork 
and increase his usefulness and earning capacity. 

JAMES F. HOBART. 

WiUoughby, Ohio, 
June 15, 1907 
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SELECTION OF A LATHE. 

irdly a day passes but the progressive smith sees oppor- 
tunity for increased profit if his shop contained some appliance 
for doing a little machine work. Particularly is this the case 
when automobile work is to be done, but in the ordinary run 
of custom work there are numberless opportunities for work 
which has to be "sent to the machine shop" because there is 
no machine in the smithy which can be made to turn up a 
journal bearing or face up a collar or a flange. There arc also 
numerous opportunities for making work when a good lathe is 
at hand, and the smith who once has a good tool of this kind 

this shop will never again be without one. 
Tile smith who has an idea of putting in a screw-cutting 
ie should lose no more time thinking over the matter. Secure 
' lathe at once, and then begin to be sorry — that it was not 
ured long before. The worst question the smith is called upon 
decide is "What size of lathe is it best to purchase?" This 
is a very hard question to decide, for no matter what size of lathe 
is purchased there will come a time when it is entirely too small, 
he time comes when the lathe is entirely too large for the 
fiat should be done upon it. 



THE BEST SIZE OF LATHE TO BUY. 

Probably the size of lathe which will give the most universal 
^sfaction to the smiths has a bed seven or eight feet long and 
1 take a length of four feet between centers. That is a piece 
I iron four feet long can be put between the two centers. The 
pe should swing at least sixteen inches. This means that a 
pey on a short shaft can be put in the lathe as long as the pul- 
f diameter does not exceed sixteen inches or the length of the 
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shaft exceed forty-eight inches. But this does not mean that 
the i6-inch pulley will let the slide-rest pass under it. No objert 
much larger than eight inches in diameter can pass the slide-rest, 
consequently the lathe man describes that particular size as 
"swings 48 inches between centers, 16 inches over shears and 8 
inches over saddle." These dimensions represent the limit of 
work that can be put into a lathe of that size, and the smith 
should keep his eye open for some time in regard to the pos- 
sible lengths and diameters of work he expects to handle in the 
new lathe. However, for the general run of smithy work a 
lathe of the above-named dimensions should answer very welL 

There are numberless makeshifts for doing large work in 
a small lathe, and the writer well remembers the wooden blocks 
to put under the head and tail-stock when larger work than the 
lathe would swing had to be done. And there was also the 
wooden extension which was bolted to the end of the lathe-bed 
to carry the tail-stock when something three feet or so longer 
than the lathe bed had to be put between centers. There is 
almost no limit to the capacity of a small lathe for large work, 
therefore select a lathe which is very strong and which will 
stand the severe demands sure to be made upon it. Pay no at- 
tention to a fancy lathe. Put every cent of the money you have 
to spend into strong, well-fitted spindles, good head and tail- 
stocks and a heavy well-fitting slide-rest on substantial Vs of a 
well-proportioned lathe bed. Then there will be little danger of 
making a wrong selection of a lathe. 

SELECTING A SECOND-HAND LATHE. 

The writer would always advise the smith to buv a new 
lathe if possible, but there are sometimes circumstances which 
forbid the new tool while a second-hand one may be in sight. 
There are many excellent second-hand lathes, but it requires 
a man accustomed to lathes to pick out a good one. There are 
a few simple things to be looked at which will prevent the smith 
from selecting a lathe which has been too badly worn. First, 
look over the entire machine for signs of wear and hard usage. 
If the bed has been hammered, and Vs all dented and jammed up, 
the tool-post hammered out of shape, the gears broken or worn 
thin, then the smith may well leave that lathe to the jimk man 
and pass to the next tool. 
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Next, if there are not signs of excessive wear and abuse 
^as above noted, look to the condition of the spindle. See if it 
has gotten out of center, sidewise or vertically, even to the slight- 
est degree. This point may usually be determined pretty closely 
by looking at the front end of the spindle where it leaves the 
bearings. If there be the slightest appearance of eccentricity be- 
tween the spindle and the ends of the bearings, then it is safe 
E assume that the bearings of the spindle, or both have become 
m too much to permit of good work until the lathe has been 
irhauled in the machine shop, 
t t 



TESTING HEAD A 



L-SPINDLES. 



Put a bit of plank under the end of the spindle, run the slide- 
t up to the head-stock and take a pry over the slide-rest with 
the plank. If (here be any lost motion between the spindle and 
its bearing, the fact can be readily determined by the movement 

Kthe spindle when force is applied to the bit of plank. 
The same test may be applied to the tail-spindle to find 
it be considerably worn. At the same time the spindles, both 
id and tail, should be so adjusted that they both move easily 
and freely ia their respective housings. The cones of head- 
spindle and damp of tail-spindle can be so closely adjusted that 
the "pry-test" above described will reveal nothing, even though 
the wear may have been considerable. The condition of the lathe 
for this test must be normal and exactly as for actual work. 
^_r The condition of the slide-rest and its movement upon the 
^^n of the lathe bed should next receive attention. There is 
^Hpiger that the lathe bed may have been worn near the bead- 
^^Hock, as, owing to the fact that a large proportion of the entire 
work done on a lathe is very short, the Vs become worn down 
just at the front end of the head-stock and the lathe becomes 

IT"""'""""" 
llKt 
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TESTS FOR WF..\R IN THE BED. 

A good lest for wear of the Vs is a very accurate short 
hi^t-edge laid upon the Vs between the hea<l-stock and the 
9-stock in its farthest position. Hold the straight-edge in place 
p means of two weights, one at either end. Place a piece of 
r between straight-edge and V. and move paper along to 
) if it be pinched as much in one place as in another. Some 
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old lathes show one-sixteenth inch vertical wear in the top of the 
front V, which wears much faster than the back V. But vertical 
wear alone does not always prevent a lathe from doing a fair 
job of straight turning. It is the lateral wear of the Vs, and 
this must be tested also by putting a tool in the post on the slide- 
rest and then clamping the straight-edge flat upon its side paral- 
lel to the lathe bed in such a manner that the tool will just pinch 
a piece of paper laid against the straight-edge between it and the 
tool. 

With the straight-edge clamped as described, move the slide- 
rest from one end of its travel to the other, testing continually 
with the piece of paper between the straight-edge and the fixed 
tool. If the paper is as tight at one place as another the Vs are 
evidently in first-class condition, but if, as is pretty apt to be the 
case, the paper is loose most of the way and tight only in one or 
two spots, then the smith may well squint sidewise at the lathe 
in question and say: "To the shop for yours, another lathe for 
mine." If any second-hand lathe passes the above tests, then 
it is worth taking slightly apart so as to see the condition of th'e 
bearings in the cones and on the spindles. The apron should 
also be overhauled a little to see that there is nothing broken 
there. See that the wear in the apron is not too great. This 
tan be done by noting how far it is necessary to turn the handle 
one way or the other in order to start the slide-rest amoving 
in one direction or the other. If not over one-sixth of a turn 
is necessary the lathe is in not very bad condition in that direc- 

TESTS FOR THE LEAD-SCREWS. 

Qose the nut upon the lead-screw and repeat the same test 
to see how badly the nut is worn. Probably the handle will move 
farther in either direction in this test than it did before the slide- 
rest commenced to move in the last test. The difference in 
movement of the handle is due to the wear of the lead-screw 
nut. The actual movement of the slide-rest is the amount of 
wear in the nut. If this movement is one-sixteenth inch or over 
a new nut will be required. Make this test in different parts 
of the lead-screw. If the lost motion of the rest is the same at 
all points a new nut will cure the trouble, but if the motion 
varies the screw itself is badly worn and the smith had best pass 
along to another and less ancient lathe. 



mith may not have determined fully just what kind of 
ought to purchase and it is by no means clear to him 
fiat trind is the most desirable for the work he expects to do. 
I the points noted above the smith will be pretty apt to 
(elect a new lathe or one which has been thrown on the market 
when nearly new. by some cause other tlian the lathe being in any 
manner defective. But such bargains are usually scarce and not 
always to be depended upon, while the new lathe is always in 
Levi den ce and a sure bargain. 



WHAT KIND OF LATRE. 

But as to the kind of lathe to buy: By all means pur- 
chase a back-geared, screw-cutting lathe with both rack and 
:rew feeds, reverse motion in the head-stock— or somewhere 
Ise. as in some makes of lathe, and see that the lathe has a hol- 
iw spindle in the head-stock and a split clamp in the tail-stock, 
also that the tail-stock has ample provision for being offset 
idewise for the purpose of turning taper shapes. The step-cone 
the head-stock should have at least four steps for the bell 
md the step-cone should be fastened to the main gear by means 
of a bolt, which merely slips in and out of gear sidewise when 
the change in gear is to be made, 

Do not select an old-fashioned lathe in which the bolt takes 
out entirely when the back gear is to be put into mesh. The nut 
for the screw alongside the lathe llhe lead-screw) should also 
ined to see that the nut is split and is operated by a cam. 
ime old-time lathes have a solid nut which has to be attached to 
slide-rest by means of a bolt or two every time a screw thread 
to be cut. Don't look but once at a lathe of this kind. 
See that there is plenty of metal in the bed of the lathe. A 
weak, thin bed which will spring out of shape under the strain 
of a heavy cut is not at all desirable. Most lathes have heavy 
beds, but the smith knows not what he will be "up against" when 
he gets into the market, therefore, "watch out." 

tTIIE OVERHE,\D COL'NTERSnAFT. 
The overhead countershaft also needs looking after. There 
Id be upon that shaft, together with the step pulley to match 
puUey on lathe, a pair of friction clutches for stopping or 
ing the go-ahead and the backing-up motions. The lathe 



for 
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countershaft must be connected with the pulleys on the main 
shaft by means of two belts, one open, the other crossed, and 
it is not at all desirable that these belts be connected with the 
lathe countershaft by means of either tight and loose pulleys, 
jaw clutches, or dogs on the countershaft which can be made to 
engage with either one of the pulleys mentioned above. Insist 
upon a pair of friction pulleys, and that, too, upon cone frictions 
the engaging surfaces of which are plain cast iron and entirely 
free from all surfaces of paper, wood, leather or other sub- 
stances. Plain cast-iron cones are the things for lathe counter- 
shaft frictions — and they are most excellent for other friction 
pulleys, too. 

HOW TO USE THE LATHE. 

This will be the question fired in by very many readers who 
have just bought lathes and wish to learn just how to use them 
to the best advantage. To see a machinist stand and watch a 
nice sharp tool cut a nice clean shaving and leave the work 
smooth and of just the right diameter required is a quite dif- 
ferent thing from what happened when the first piece of work 
was put into your lathe! To be sure, you made the centers 
with a prick-punch, and were not very particular as to what 
kind of tool was put in the tool-post, or just how that tool was 
set. No wonder that the bit of iron vou wished to make into 
a nice pin persistently refused to become either round, straight 
or of the desired diameter. Never mind, these things will all be 
taken care of in proper order, but there are an awful lot of such 
things to be looked after, and as yet we have not even gotten the 
lathe set up and leveled properly. And then there is the lathe 
bed to get "out of wind.*' The size of pulleys on main shaft 
must be determined to make the lathe run at the right speed, then 
the countershaft must be fastened up, the belts laced properly 
and then the lathe must be made ready for use. 

The centers must be trued up and put in line, perhaps the 
tail-center will need hardening and gfrinding, and surely the 
head and tail spindles must be properly adjusted, the slide-rest 
oiled and adjusted and other things looked to. Do lathe work 
now? Might as well try to weld before a fire has been built in 
the forge. 



CHAPTER II. 
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SETTING THE BED. 

A iathe usually comes into tlie shop mounted on skids, which 
are merely two pieces of plank or Joists a little longer than the 
lathe bed and fastened to llie feet of the lathe by means of tour 
lag screws. Such cross bracing as may be found necessary con- 

Iaects the two skids. Do not remove the skids until the lathe has 
n moved on small rollers or short pieces of pipe to almost the 
:act spot it is to occupy. The countershaft will probably be 
lound fastened, to the skids, together with one or more boxes 
containing the loose pieces of the lathe, together with the easily 
removable small parts, such as the various handles, tool post, 
wrenches, etc. 

Having determined the exact spot where the lathe is to stand, 
stretch a string or chalk line parallel to the main shaft and high 
enough above the floor to let the lathe pass under the line, then 
bring the lalhe into place under the line, take off the skids and let 
the legs down carefully upon the Hoor. It is best to use a small 
ibcr as a lever for this purpose, faking a pry under the bed 
the lathe, and taking great care not to damage any of the screws 
the rack, or to drop the lathe legs upon the Hoor. Do not let 
it drop even to the extent of an inch. Having gotten the skids 
off, and the lathe upon the floor, use a spirit level to make the bed 
of the lathe esactty level, both lengthwise and crosswise the bed. 
It is very seldom that the floor is so perfectly level that the four 
legs of the lathe will have an equal bearing, therefore it is nec- 
essary to "shim up" under the feet of the lathe as may be found 
lecessary to make each foot bear evenly upon the floor. While 
le shiinming and leveling is being done the lathe must be ex- 
tly in the place where it is to stand. 

ft is good practice to suspend a plumb-bob or a small weight 
a .string from the toqg line above mentioned at either end of 
lathe and to bring the ends of the spindles exactly in line with 
plumb lines. Lag screws had better be put through two of the 
le feet and the screws left sticking up an inch to allow of the 
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necessary wedging under the feet. In this manner the lathe will 
be kept in line until the feet have been temporarily wedged up and 
permanent pieces fitted under each foot in place of the wedges, 
after which the lathe may be screwed down permanently. It is 
well to take a little time and make a good job of the above work. 
Although any good lathe should be so designed that it will do good 
work with the bed supported at opposite diagonal comers, there 
are but very few lathes which will not give better, results when per- 
fectly bedded upon a good solid foundation and perfectly leveled 
and aligned with the main shaft of the shop or with the engine. 

THE COUNTERSHAFT. 

This is usually a piece of shafting i]^ inches in diameter by 
3 feet to 3 feet 6 inches long, with a pair of drop hangers for at- 
taching shaft to ceiling overhead. There is also a pair of crown 
face pulleys on the shaft which normally run loose, but either of 
which may be rigidly connected with the shaft at will by the move- 
ment of a lever in one direction or the other. One of these pul- 
leys is known as the "go-ahead'' pulley, the other as the "reverse" 
or "backing" pulley. 

Attached to each lathe should be printed directions stating the 
speed at which the countershaft should run, and in erecting the 
shaft, care should be taken to obtain pulleys for the main shaft 
which will give the required speed. For instance: If the coun- 
ter is to run at 150 revolutions per minute and the main shaft runs 
at 200 revolutions (in all future chapters the speed of a shaft or 
machine will be stated thus : 200 RPM., meaning 200 revolutions 
per minute), with pulleys 16 inches in diameter on the counter- 
shaft, what diameter of pulleys on main shaft will give the coun- 
ter a speed of 150 RPM. ? 

It is best to state all these examples in a simple fraction-pro- 
portion form, as follows : 

Speed of driving pulley X dia. of drive pulley. 



Diameter of driven pulley X speed of driven pulley. 

Substituting the numbers, it becomes : 200 -r 16 X 150 =12, 
the diameter of the pulley required on main shaft to drive the 
countershaft at 150 RPM., the answer may be found by multi- 
plying together the numbers below the line and dividing the re- 
sult by the number above the line, or cancellation may be used. 
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It makes no difference how many countershafts or pulleys it is de- 
sired to calculate speed through. Just put them all in line as 
above, with the speed of first shaft and tlie diameter of all driving 
pulleys on top of the line and put diameters of all driven pulleys 
below the line, then cancel or multiply and divide clear through 
and the resulting number will be the diameter of pulley or the 
speed of shaft required, as the case may be. 



FITTING THE BELTS, 

Having put the countershaft in place, leveled it carefully and 
irefully aligned it to the main shaft, the bells may be put on 
as follows : Run a tape measure or a string which does not stretch 
around a pair of pulleys, taking care to pass the tape on either of 
the edges or in the middle of both pulleys — it matters not which 
as long as the tape does not run criss-cross from side to side of the 
pulleys — then carefully note the length of the belt required- If the 
tape calls for i6 feet 6 inches of belt, then actually cut the leather 
2 i-i6 inches short of the tape measurement. Allow .'-^ inch per 
foot of belt is the usual rule, and it comes out pretty close. 

Three belts will be required for the lathe; one from the 
stepped cone to the countershaft and two belts from counter to 
main shaft. One of this pair of belts must be crossed, the other 
must be open. In some lathe arrangements the "backing" pul- 
is smaller than the "go-ahead" pulley in order that in screw 
itting the carriage may return the tool for a new cut faster than 
ia permissible in the cutting movement itself. But in the more 
modem lathes the carriage is usually run back by hand, "catch- 
ing" the thread at the proper instant, as will be described later. 
This allows both countershaft pulleys to be made of the same size, 
hence the "backing" beh may be placed on either, as desired. It 
will be found that the crossed belt requires a little more leather 
en belt, owing to the diagonal position of the folds. 

PUNCHING HOLES \HD LACING. 

Once the proper length of belt has been determined, cut the 

i of the belt off square, using a carpenter's try-square for 

arking the leather— do not try to guess at the squareness of the 

It pays to mark the belt as directed and then cut the leather 

mly with a very thin, sharp knife. A "belt box" should be es- 

feished at once, and in that bo.x should be kept all the tools nec- 



_,mu: 
■per 

^EDtl 



THE SCREW-CL'TTINU LATHE. 



essary for mending or splicing belts. Have a cover to the bo 
for rats dearly love to chew up good belt lacing. Buy a "sin 
knife" for ten cents and put it in the belt box, and under no ci 




Cood Mrthoi) of Lacing Ikll. 



cumstances whatever are that knife or the other tools in the box 1 
be used for other work than lacing belts. 

There are innuinerablc ways of lacing belts, and perhaps man 
ways as good as those shown here, but belts laced by either tnetho 
will give perfect satisfaction in any shop. The first methot 
shown by Fig. I, is a good form of ordinary lacing where the enc 
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of the belt are joined with a narrow strip of rawhide. For any 
belt likely to be used in a smith shop a lacing should never be cut 
more than ^ inch wide. It is better 5-16 inch wide. The lacing 
should always be narrow and the holes small. A number of large 
holes punched through a belt weakens it very much and such 
holes should be avoided. Take a 4-inch belt and punch J^-inch 
holes across the end. The man who docs this without a thor- 
pugh understanding of the matter will usually punch four holes 
■ a row, somewhat as shown by Fig. 2 at A, where the holes are 
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Fig. i— Impropti and Proper Punrt HoIm. 

Inched as described above. At B is shown a much better lay- 
t and the value of the two methods is as follows : In sketch A, 
4 X H '"ch of belt has been cut out of 4 inches, leaving 2}^ 
inches, or 62^^ per cent nf the belt at the splice to do the work 
of the rest of the 4-inch bell. In case of the belt holes shown 
by sketch E, the five 3-1(1 inch holes, cut 15-16 inch from the belt, 
leaving 3 1-16 inch or 76,'-^ per cent, of leather. 

There is also another point to be considered, If we were 
calculating the strength of strap iron or boiler plate the above- 
noted method would be sufficient, but belts do not break square 
sross from hole to hole as at a and b, Fig. 2, sketch A. Instead 
^18 the leather will fear at an aglc of about forty-five degrees, 
hhown at c and d. Taking this view of the case, there are ten 
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pieces of belt in B to be torn, against eight in A, therefore 1 
strength of the two belts is as lo to 8, or as 5 to 4. By a glai 
at sketch A it will be seen that the tearing at c conies to a po: 
before it reaches the edge of the belt This tells that it is t 
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necessary to have so great a distance between the row of holes an 
the end of the belt. It also tells that the more holes and th 
smaller in diameter the stronger will be the belt splice or joint. 

In Fig. I the lacing is shown as beginning and ending at th 
middle of the belt. This should always be done. An awl ho! 
should be made, the lacing forced through, and a knife cut mad 
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in the edge of the lacing about one-third across, close to the sur- 
face of the belt, then the lacing should be cut oS ^ or j/z inch 
longer, and the ends left hanging on the side of belt next to the 
pulley. Such a lace fastening will never slip if properly made. 
The front and pulley sides of the belt are shown, and the lacing 
should be disposed as shown, with no crossing of the strands on 
the pulley side of the belt, otherwise the lacing will cut quickly. 

Fig. 3 shows a most excellent form of belt splice for lathes 
and general machine-shop work. The wire is made specially for 
the purpose and is very strong and flexible. It can be purchased 
in small coils in little boxes, all readv for use. When the holes 




Fig. 4 — Aligning Shafting. 

are punched with an awl no belt material will be removed, there- 
fore there is 100 per cent, of belt strength at the joint, and sixteen 
strips of tearing to be done before the splice can be pulled apart, 
hence the great strength of a splice of this kind. It will be seen 
that there is no crossing of wires on the inside or pulley side of 
the belt, otherwise the wires would quickly cut each other in two. 
The ends of the wire are twisted together in the middle of the belt. 
One thing more must be done or the splice will be worthless : the 
wires must be hammered into the belt so as to be even with or 
below the surface thereof, otherwise the splice will not last long. 
Put the splice on an iron pulley and hammer it well but lightly, 
taking care not to let the wires cut the belt, only to sink into the 
leather. 

ALIGNING niE COUNTERSHAFT. 

Some people make a great deal of hard work about a very 
simple operation, notably in aligning shafting. The whole thing 
is shown in a nutshell by Fig. 4. Just hang two plumb-bobs on 
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the same side of main shaft at G and B ; then place a square pointed 
stick against the counter at C, and mark at a, the bob-line. Carry 
the same stick to D, and if the bob-line touches the mark a the 
shafts are in line. If not, as shown in the drawing, move the 
shaft until they coincide. Test both at C and D at least twice each. 



CHAPTER III. 



MAKING READY FOR USE. 

The belts having been put in place, see that they all run fair 
upon the several pulleys. Usually pulleys are made about half 
an inch wider than the belts that should run upon them and 
if any belt seeks to run over the edge of a pulley, then there is 
something wrong with the aligning and levelling of the lathe 
or shaft. I-ook for and cure the trouble before going farther. 
Never, under any circumstances, be guilty of the unmechanical 
trick of nailing up a piece of board to guide the belt and to 
keep it on the pulley. Sometimes there may be a crooked place 
in the belt which should be cut out, but otherwise, unless the 
pulleys themselves are badly turned and left conical on their 
faces, the trouble is surely in not setting the pulleys square and 
level with each other. 

Put some oil in the spindle bearings — we will adjust them 
later — and start the lathe to running. See that the belts all run 
fair, "track," they call it, with no tendency to seek either edge 
of any pulley, then see that the same thing happens with the 
belt between the step pulleys on lathe and counter. Sometimes 
a slight movement of the lathe endwise is necessary to make 
the belt run fair, but run fair it must, without chafing against 
the higher steps of the cone or running over the edge of any 
step. 



"setting-up" the headstock. 



At this stage of the game it is well for the "smith-machinist" 
to become thoroughly familiar with the construction of the lathe, 
with the various mechanical movements contained in the head- 
stock and slide rest, and to this end it is necessary to take down 
the lathe to a considerable extent. But right here, a word of 
warning: Don't take down the whole lathe at the same time. 
Investigate a bit at a time. If the entire lathe be taken down 
there will be a hopeless mix-up of parts and something will 
surely be broken or damaged. Instead of wholesale dismember- 
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ment, take down only a small portion at a time as in the present 
instance, only the main bearing will be investigated. 

Take off the belt by giving it a flirt with the hand while the 
lathe is running. The particular knack of throwing a lathe belt 
off and on the cone pulleys must be studied and practiced until 
it can be done the first time trying. There is a "knack" about 
it. that's all. By a little practice, a belt can be snapped from each 
smaller step on the upper pulley to the next larger step until the 
largest one is reached. To do it the belt is run on to the smallest 
lower step with one hand while with the other hand the "going 
up'' fold of the belt is so guided that it cannot run off upon the 
next smaller step of the upper pulley. Then with a quick snap 
the belt is jerked sidcwise with a twist which flips it neatly upon 
the next larger step of upper pulley. This trick can only be 
learned by practice — and lots of it. 

Take down the main bearing of the spindle — ^the bearing 
next to the body of the lathe — and note well the manner in which 
the bearing is arranged so that wear can be taken up. Note 
well also the adjustment provided for taking up wear and for 
keeping the bearing tight and well fitting. Usually the front 
bearing is a cone while the other bearing is straight. Sometimes 
both bearings are cone or taper, but not in the best lathes. 

ADJUSTING THE SPINDLE BEARINGS. 

See that the bearings are free from grit or other dirt, and 
study well the method of adjusting the cone. After replacing 
the caps, adjust the take-up screw in such a manner that the 
bearing will run easily but without the least lost motion. As 
the spindle should be hollow, the screw at end of headstock 
should be hollow also, and quite a large check-nut is nec- 
essary to hold the screw after it has been adjusted. Usually 
the setting up of the check-nut will be enough to loosen the cone 
enough to let it shake a trifle, therefore this point must be looked 
to by setting the screw a trifle too tight and then the check-nut 
will slack it just enough to bring the spindle free but tight. 

PUTTING THE CENTERS IN LINE. 

A lathe as it comes from the shop is supposed to have the 
centers in exact alignment, but this supposition cannot be 
trusted. The fact must be shown, and every time the lathe is 



used on an extra nice piece of work it is necessary to apply the 
test which is as follows : Select a piece of shafting or round iron 
or steel between one and three inches in diameter and as long 
as will go easily between the lathe centers. 

Put a sharp tool in the tool post and adjust until the cutting 
point is exactly as high as the points of the latlie centers. Take ( 
a cut over an inch or two of both ends of the test bar, as we will 
call it. Commencing the cut next to the tail center, and revers- 
ing ihetest piece in the lathe to cut the other end. Both roughing 
cuts having been made, sharpen the tool and take another light 
cut (as smooth as possible) on the end of test piece next to tail 
spindle. Cut only about one inch in length, then, without mov- 
ing the tool in the least, remove the test piece from the lathe, after 
which carefully nm the carriage back so the tool will be close to 
the tail-center, but he sure not to move the tool itself, either to 
or from the work by means of the cross-feed screw, which must 
not be touched at all during the operation. 

Reverse the dog on the test piece and replace in the lathe, 
then make a finishing cut on the other end of the test piece with- 
out altering the position of the tool in the least except as the feed 
moves it along the lathe bed. Having completed the finishing cut, 
remove the dog from the work, adjust nicely between centers 
) there will be no play whatever, then without altering in the 
ist the vertical position of the lathe tool, run that useful appli- 

; forward by means of tlie cross-feed screw until the tool 
rely touches the piece of metal between the lathe centers. 

While the above-noted action is taking place, move the slide 
t lengthwise of the lathe an inch or so, and keep the carriage 
Eteciprocating back and forth white the tool is being forced very 
slowly toward the piece between centers. When as above, the 
tool barely touches the work, leave the tool in that position 
and move the carriage on the lathe so that the tool marks a very 
fine straight hnc along the work. Without moving the cross 
feed, or touching the toot, remove the work from the lathe and 
run the carriage ahead until the tool is close to the head-center. 
While the tool is in that position replace the work between centers, 
adjusting them exactly as before, and proceed to mark a line on 

t turned portion of the shaft next to the head-center. 
It is ten to one that either the tool will not touch the shaft 
II, or that it will want to make a very deep mark. In either 



24 THE SCREW-CUTTING LATHE. 

case, the lathe centers are out of line with the lathe bed and if 
the shaft be turned from one end to the other, it will come from 
the lathe cone-shaped instead of a true cylinder. 

MOVING THE TAIL-CENTER. 

The tail-center is so arranged that it may be moved laterally 
by unclamping from the lathe bed and then backing up one 
screw and tightening another. This adjustment should be made 
and the line-marking repeated as above described, taking care to 
always set the tail spindle mark last. That is, the mark should 
be first made on the end of shaft at head end of lathe and the 
other test made at the tail-center whereupon the necessary adjust- 
ment may be made at once, which would not be the case if the 
mark were made first on tail-center end of shaft between lathe 
centers. A slight taper may readily be turned in any lathe by 
setting over the tail-stock so that one side of the required cone 
will come parallel with the lathe bed. It is partly for the reason 
that the tail-stock is liable to be set over at any time that the above 
described test is necessary before any turning requiring precision 
is to be commenced. 

After the centers have been centrally adjusted, a mark is 
usually made on the tail-stock by the maker of the lathe. Although 
this mark may be used for setting the centers for ordinary work, 
it should not be depended upon for close work, and the centers 
should be tested as alx)vc for every important setting of the lathe. 
At least three tests at each end of the lathe should be made to 
get an exact setting of the centers. This is necessary for the 
reason that when one end of the short shaft is moved by screwing 
over the tail-center, the line-drawing tool is thrown out of truth 
with the line first drawn, hence the many tests necessarj' to 
bring the two ends of the shaft between centers perfectly parallel 
with the marking tool. 

TRUING UP, HARDENING AND GRINDING. 

Both the centers, the tail-center especially, are apt to become 
worn by use and must be put in shape, as often as they depart 
from a true cone shape of 60 degrees. A good way to make a 
center gauge is to make a notch in the edge of a thin piece of 
steel with a three-cornered file. Harden the steel if desired and 
shape the centers to the notch, which will be found to be pretty 
close to 60 degrees. 
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Only the lail-center should be hardened. The head-center is 
always left soft. The best way to true lathe centers is by means 
of a little emery grinder made especially for the work, and which 
can be attached to the slide rest or put in the tool post, and 
the head-center ground to shape in a very short time. The tail- 
center is ground by placing it in the head spindle for that purpose, 
after which it is returned to its proper position. With the center 
grinder there is no need of taking the temper out of the tail- 
center, but as we have no grinder the center must be annealed 
and slipped into the head spindle and given a blow to hold it in 
place. 

Right here let me state that a hammer must never be touched 
to the lathe under any circumstances whatever. Get a copper 
hammer or one with a rawhide face, or cast one of lead or babbitt 
metal, and such a hammer must always be found among the lathe 
tools. If no hammer of soft metal is yet at hand, use a piece of 
wood and drive the center home with that. If the lathe has a 
compound slide-rest, set the upper screw to 60 degrees and turn 
the center by feeding the tool with that screw, by hand, of course. 
If there is no compound rest, set the side of a cutting tool to 
the angle desired— <io degrees — and feed the tool into a short bit 
w'Oi the center, deep enough to remove any places that must come 
Then move the tool along an eighth of an inch by means of 
; main and cross feeds and run in another short cut as deep 
Continue this until the center has been turned from 





point to heel, then the use of a file and the gauge above described 
will soon bring the center to a proper condition for use. Fig. 5 
gives an idea of this operation. 

The tail center should then be hardened and the smith will 
need no instructions for that job. except that he harden and 
draw in the usual manner, leaving only the point of the tool 
hardened. A center is very apt to spring during the hardening 

■alion. and this is one reason why it is necessary to test the 
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lathe for tntth of centers every time a nice job is to be done 
between centers. 

ADJUSTING THE SLIDE REST. 

The next step in the lathe adjustment is the slide rest. It 
will be assumed that the various parts have been put in place, 
the handles put on the feed screws, and everything ready for 
use as far as the *'sniith-machinist" can see. To adjust the rest, 
see that the clips which hold the carriage to the ways of the lathe 
are so adjusted that the carriage moves freely when the proper 
handle is turned, but that there is not the least shake possible 
between carriage and lathe bed. The clips must be adjusted very 
close and kept well oiled and clean so that with the hardest 
possible work being done by a tool, there will be no shake or 
tremble between slide and bed as the former moves along the 
latter. This point is very essential and should be closely looked 
after. 

SETTING GIBS. 

Next, adjust the cross slides so that there can be no shake 
to the tool post. Underneath the cross-feed slide will be found 
one or more pieces of steel which are placed between the slides of 
carriage and cross feed. Several screws keep in place each strip 
of metal which is called a "gib/* and which should be so adjusted 
by means of the screws that the tool post can be screwed from 
one end of its travel to the other, without going easy in one place 
and hard in another. This, as well as every moving or sliding 
part of the lathe, should be kept clean and well oiled at all 
times. 

ADJUSTMENT OF SPINDLES. 

The proper method of adjusting the head or live spindle 
of the lathe was described at the beginning of this chapter. The 
tail, or dead spindle, does not require as much adjustment, yet 
it should at all times receive care and oil, and should always be 
kept clean. To remove the tail center, screw the spindle back as 
far as possible and the inner end of center is forced against end 
of tail-stock screw, forcing the center from its seat. In some 
operations, tools will be fitted to the tail stock and it should be 
kept in mind that all such tools are to be so fitted that they may 
be readily removed by backing them against the end of screw as 
above described. 
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The tail spindle should be clamped by closing together, by 
means of a screw, the front portion of the tail stock. The lathe 
possessing a set screw in the tail stock for clamping the spindle 
is an antiquated affair and should not be in the possession of the 
smith-machinist. The tail spindle should be kept well oiled and 
very clean. When the lathe is in operation the tail spindle should 
be allowed to project as little as possible. Sometimes it is 
necessary to work with the tail spindle projecting a considerable 
distance, but whenever it is possible keep it within a half an 
inch or so of its most retracted position, for it is then in the most 
solid position possible and will stand much harder work 
without springing tlian when screwed out several inches. 



CHAPTER IV. 



PUTTING WORK INTO THE LATHE. 

Don't try to get ahead too fast in running that new lathe of 
yours. If you are not accustomed to using a lathe, better follow 
the instructions closely and do not attempt to go in over your 
head before vou can swim. You tried it once, when the lathe 
first came into the shop, and you were not at all satisfied with 
the result. It was something like this: As soon as the belt was 
on the lathe, you picked up the first piece of iron that came to 
hand and put it in the lathe. You hit each end of the iron with 
a center-punch, as near the center as possible, something as 
shown at A and B, Fig. 6. Then, after marking in that manner 
both ends of the iron, it was balanced between centers and the 




Fig. 6 — Centering Work in the Screw-cutting Lathe. 



lathe started on taking a cut along the iron. But you found 
it didn't work. The iron soon flew out of the lathe altogether 
and you then found the head-center to be pretty well out of shape. 
The above is a sample of what happens when work is put 
between centers without being properly prepared. The right way 
is as follows : Mark both ends of the piece of metal as at A and B, 
Fig. 6 ; then put between the lathe centers and set them up against 
the work very lightly, so the work may revolve freely when turned 
by hand — simply rolled around by pressure of the hand, the 
lathe remaining at rest. Revolve the work slowly by hand as 
stated, and hold a bit of chalk close to the work as shown at C. 
Rest the chalk against the tool post, or otherwise steady it and 
press forward until the chalk touches the most eccentric portion 
of the work. If the chalk makes a mark nearly all around the 
work, then the centering has been properly done and the center 
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lay be drilled as shown at D. a hole between i-l6 inch and i-8 
bich in diameter being drilled nearly 1-2 inch deep. A drill larger 
man 1-8 inch should not be used for center work except in very 
brge work. Use small center drills. 

After drilling, the work should again be revolved between 
centers by hand, for the drill does not always go where it is 
wanted and the centers may prove out of true when tested. The 
remedy for this is shown by Fig. 7. where the hole has proved to 
be out of center. With a very small half-round cold chisel the 
metal is chipped away on one side of the hole and a reamer in- 
serted, the effect of the reamer being shown at G and H. The 
effect of chipping the hole is to draw the reamer toward K. If 
the slight chipping shown at E does not draw the hole far enough 




• A< 



tnother chip ma\ be taken from the hole shown at G and H. 
^mer again apphed. After reaming it is well to use the 
1 to make sure that the center will never touch the 




^bottom of the hole Fig 8 shows the hole drilled deeper than 
is necessary, but this does no harm unless there is some other 
work in the metal which forbids a hole in that place. 

As stated above, correct centering, drilling and reaming is 
iown at J, where the lathe center fits perfectly into the hole in 
! end of the work-piece. By the way of contrast, a poor job 
fccentcring is shown in Fig. 9, where not only does the lathe 
pter touch the bottom of the hole, but the reamer was too flat 
1 the lathe center does not fit tlie hole made by the reamer. 
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Good lathe work is an impossibility when the centering is as 
shown in Fig. 9. 

STRAIGHTENING AND SQUARING-UP. 

When a piece of metal is centered as above and placed in the 
lathe it sometimes presents the appearance shown by Fig. 10 at L, 
M. True, the turning operation could be completed with the 

long and short sides on the work as 
shown at L, M, but if a g^eat deal 
of work has to be done on the metal 
while it is between centers, it is ex- 
tremely likely that the metal will 
Fig. 10— Before Squaring. ^vcar off ou short sidc M more than 

it does at long side of the center, thereby throwing the whole 
of the work out of alignment. To be sure, the wear would be 
slight, but on many lathe operations a shifting of the center even 
one one-thousandth of an inch would spoil the job. 

In squaring the work a tool is fed in by hand as shown in 
Fig. II, but soon strikes against the center O, and can go no 
farther. This leaves a hollow snag 
around the center, as shown at P. To 
get rid of the snag and leave the end 
smooth and square, the tail-spindle 
must be undamped and run slowly 
back. At the same time the tool nuist 
be fed in by hand until it has cleaned ^'8- "—Squaring Up. - 

off all the metal around the center, leaving it clean and smooth, as 
in Fig. 12. It may perhaps be necessary to state that the point of 
the tool should be just level with the center of the spindle during 
the squaring-up business. It will also probably be found necessary 
to clamp the lathe carriage so the tool cannot move away from 

the end of the work while it is 
being squared-up. Clamping 
is best effected by throwing in 
the lead-screw nut. Then the 
screw can be turned by hand 
until the tool is brought up to 
the work as far as necessarv. 
Leaving the nut clamped during the squaring operation will 
effectually prevent the tool from moving out of the cut toward the 
tail-stock. 





Fig. 12 — A Clean Cut 
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A word of caution is necessary in regard to clamping Ihe 
carriage with the lead-screw. It is this: Never, in any case what- 
ever, let the screw feed and the rod feed be in gear at the same 
lime. If you do, an accident will surely happen, and sooner or 
later it will suip the teeth ofT some of the gears or do some other 
damage. A^n; Never put rod arfd screw feeds in gear at the 
same time. 

STILMGHTENING LATHE WORK. 

No matter how accurately the ends of a piece of work may 
be centered, the middle will often run out of true and cause a 
great waste of material in getting a fully turned surface the whole 
length of the work. Straightening is necessary when the above is 
found to be the case, and straightening should be done before 
Ihe ends arc squared up. If the piece be very crooked, it should 
he straightened by the eye as closely as possible, then put between 
centers, revolved by hand and the high places marked with 
tiialk. Place the piece on the anvil, make it lie fair and strike 
E hard as may be thought necessary on the chalk mark with a 
mmer. Perhaps several blows may be found necessary and iu 
Bie cases it is necessary to straddle the spot to be struck over 
e low space between face and horn of anvil. 

When long pieces of shafting have to be straightened, a screw 

ess is the proper appliance to use. The press should be mounted 

k wheels made to fit the ways of the lathe, then the press can 

! tnoved from one end of the work to the other, as there may 

h need of straightening. The smith will hardly have long shaft- 

j enough to turn to warrant the purchase of a screw press, there- 

; he must get along by peening. To use this method, which 

ms rather hard on the lathe, yet which wilt do no harm if prop- 

jr used, the smith-machinist puts the shaft between centers and 

^ks the high places as before; then, with preferably a piece 

frwood three or four feet long, take a pry over a block placed 

■ the lathe bed or upon the slide rest. Turn the shaft so that 

S lifting end of the lever will come exactly against and under- 

neath one of the high-place chalk-marks, then with a rather light 

hammer, while a smart pry is taken on the lever, peen the low 

or hollow place in the shaft. 

^^B The result will be the stretching of the metal fibers at the 

^^Bot where it was hammered and by properly distributing the 

^^^fee and number of hammer blows, together with the power 
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placed on the lever, ai fine job of straightening may be accom- 
plished in nearly as little time as it takes to tell about it. 

THE STEADY-REST AND ITS USE. 

It will not take the machinist-smith long to find out that it is 
a pretty nice piece of work to turn a bit of iron and have it 
come round and straight. In fact, he will soon find that this 
is an impossible matter, and that he can only turn the metal 
"pretty near straight and round." This is a fact, and, while no 
piece of metal can be turned exactly straight and round in any 
machine tool yet invented or perfected, still the turning can be 
done plenty well enough for all practical purposes provided the 
necessary precautions are taken to insure good work. 

"Why cannot perfect, straight and round turning be done?" 
Because the tool begins to wear the instant it begins to cut, and, 
constantly becoming shorter, turns taper instead of straight. 
•The lathe and the tool as well spring more or less, and when a 
hard spot comes to the tool the lathe springs more than when 
the metal is soft, therefore there are "bunches" and "ribs" in 
the finished work. There are other things which aflfect accuracy 
in lathe work, but it must be considered that the errors are 
very small. Any good lathe can be made to work to and within one 
one-thousandth of an inch, and the ridges and bunches mentioned 
above can be kept down to the one-quarter of a thousandth if nec- 
essary, which hardly will be the case in any work likely to come 
into the smith-machine shop. 

Try to turn a long shaft, and all goes well for about three or 
four diameters in length of cut, but after that the shaft springs 
away from the tool and good work is impossible. To turn long 
pieces in the lathe use must be made of the appliance known as 
the "steady-rest." This useful adjunct of the lathe is made to 
stand upon the lathe-bed and is clamped fast thereto by means of 
a bolt. The upper portion of the rest is split and hinged that it 
may be opened and placed around work already between centers. 
Then three pieces of steel are so adjusted that they each touch 
the shaft, after which the bolts holding the steel pieces are tight- 
ened up and the pieces in question form a bearing for the middle 
portion of the shaft, which prevents the springing due to the 
great length otherwise unsupported between the lathe centers. 

Sometimes it is necessary to set up two steady-rests in order 
to do the work which has to be accomplished. Whether one or 
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two Bteady-rests are used, great care must be taken in setting 
them lip lo see that they are exactly in line with the spindles of 
the lathe. It is a pretty nice job to set up a steady-resl in the 
middle of a six-foot shaft and have everything in line. To thus 
set u(i the steady-rest, the method described for lining the centers 
must be used, a short piece of shaft being put between centers, 
the diameter of the short shaft being exactly the same as the long 
shaft to be worked, and the length such that, with the steady- 
rest in required place, the shaft will barely project through the 
steady-rest just far enough to receive the tail-center. 

After testing up the tail-center, set up the steady-rest close 
lo it, and adjust the three bearing strips snugly to the shaft 
close to the center, then move the tail-stock back to receive the 
. long piece of shaft which is to have work done upon it. The 
liSRtith-machinist must not get the idea that he can turn a long 
[rfecc of shaft accurately by supporting it in one or two steady- 
!Sts between centers. For turning shafting of any length be- 
Hid three or four feet a different arrangement, a modification 
f the steady-rest, must be used. This appliance is known as a 
ack-rest," and is attached directly to and moves along with the 
Mide-rest. It is usually a plate, carrying a hole, through which 
die turned shaft passes snugly. The cutting tools are fastened to 
the front side of the rest, and the shaft must pass the too! or tools 
("there are usually two, a roughing tool and a finishing tool) 
before the same portion can go past the back-rest. The 
rest thus forms a sort of bearing, which remains constantly at 
Ihe point of cut. the result being that the shaft is supported close 
to (he cutting tool along the entire length of the shaft. The bear- 
ing in steady- or back-rest should always be kept well lubricated, 
hkewise the tail-center of the lathe. 

In doing many kinds of work — the cutting-off and threading 
of large steam pipe, for instance — it is sometimes necessary to 
remove the tail-stock from the lathe and use the steady-rest 
instead. The other end of the work being held in a chuck, both 
reenters being dispensed with, the pipe can be cut off and the 
d threaded at will. In thus using the steady-rest, it is necessary 
) provide a smooth, true surface for the three steel strips to 
p against. For this reason it is often necessary to carefully 
a portion of the work that the steady-rest may have the neces- 
' bearing. When the work is very rough, or some other 
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section than round, it becomes necessary to provide an artificial 
surface for the steady-rest to bear against, which may be done 
by slipping over the work a sleeve which has been turned smooth 
on the outside. The sleeve carries eight set-screws — four at 
either end, spaced 90 degrees. Slip the sleeve over the work 
true, by means of the set-screws, and adjust the steady-rest to 
the sleeve. 

THE KACK-GEAR AND ITS USE. 

The use of the back-gear is two-fold. It is for the purpose 
of supplementing the step-cone when arranging the speed of the 
work, and for enabling the small belt to give sufficient power to 
take a heavy cut off a large diameter. When turning metal in a 
lathe there is a certain speed which gives the best results for steel, 
another speed at which brass works the most economically, and 
still another speed at which it pays best to work cast iron. The 
smith-machinist has all these speeds to learn, and the use of 
the step-cone and the back-gear is to obtain an approximation of 
these speeds when working one of the metals in question. 

This means that the surface of the work in a lathe must 
travel at the speeds indicated : therefore the speed of a lathe 
must be governed entirely by the diameter and kind of material 
which is being operated upon. If a 2-inch piece of soft steel is 
being worked — circumference 6.282 inches or 0.523 foot — ^be 
put into the lathe, that piece of metal must revolve at the rate 
of about 95 revolutions per minute in order that the surface of the 
metal may travel 50 feet per minute. Should the work chance to 
be 4 inches in diameter, it must needs revolve only one-half as 
fast, or about 45 J/ turns per minute, in order that the speed of 50 
lineal feet per minute be maintained. This means that the speed 
of the lathe must be reduced one-half. If the necessary reduc- 
tion of speed cannot be obtained by means of the step-cone, the 
back-gear must be used. In a future chapter the proper speeds 
for various kinds of work will be discussed and the various 
speeds possible by means of step-cone pulley, both with and 
without the back-gear, will be given in full, as adopted by some 
well-known lathe builders. 



CHAPTER V. 



THE TOOL rOST AND ITS VSE. 

Next to a good tool, the tool-post of a lathe is about as 
important a part as is contained in the whole machine. A fool- 
post too light or with an insufficient screw cannot be made to 
hold the lathe tool as stiQly as is necessary and Ihe result will 
■ ft weak, chattering cut, which is a sure preventive of good 
■ork. Not only should the post be strong, but it must also 
■ntain means for quickly and easily adjusting the point of the 
)oI lo any required height. There are several methods of tool 
idjustmcnt in use among lathe builders, but the one illustrated 
? Fig. 13 is as good, if not better than any of the others. 

Referrhig to Fig. 13, which is partly in section, a piece of 
rork is shown at A, which is supposed to be in the lathe. The 



Ibol B is in place witli its cutting point or edge as close as 
Bssible to the longitudinal or axial center line of the lathe. A 
few tool has a long vertical point to allow of wear in grinding 
ne tool, consequently a new tool will stand high above the center 
ine and will have lo be tipped down as shown at A, Fig. 14. 
When the tool is about worn out it must be tipped up as at D. 

Referring again to Fig. 13, the tool-post I is shown in 

bee with the screw E bearing upon the tool. Incidentally, a 

e watch should be kept over the end of screw E, and if there 




ing Tool. 
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be the slifi^htest sig^ of any spreading or upsetting the end 
should be hardened at once. The test is, to see if the screw will 
back out through the nut which is formed in the upper portion 
of the tool-post. As long as the screw will come out easily all 
is well, but the instant the screw begins to stick attend to it 
at once. 

COLLAR AND WEFXIE ADJUSTMENT. 

The tool-post C. Fig. 13, is mortised to carr}' a tool much 

larger than the one shown in place. 
When work has to be done at a distance 
from the tool-post, as in deep channels. 
l>etween collars, etc., there is need of a 
long tool overhang, therefore the tool- 
post must have a hole large enough to 
receive the large tool section necessary 
for supporting the necessary overhang. 
The upper i>ortion of the slide rest is 
sometimes called the "anvil" and is shown 
at J. An undercut groove is made in 
this part of the slide rest, to receive the 
lower end of the tool-post as shown. Be- 
tween the **anvir* and the tool is a wedge F and a collar G, of 
peculiar construction, as will be later described and shown by 
Fig. 15. the upper {portion of the collar being 
turned concave to fit the bottom of wedge F, Fig. 
13, and more clearly shown by Fig. 16. The bot- 
tom side of the wedge is finished to fit the concave 
surface of collar and the upper surface of wedge is 
tooled or cut like a file to prevent slipping of the 
lathe tool, which may be screwed down against it. 
The weilge F, Fig. 13, is just wide enough to go 
freely through the mortise in the tool-post. The 
c:>llar G is usually made about two and one-half times the diameter 
of tool-post and of varying thicknesses, according to the size of 
the lathe. T\v moving endwise ihc wedge F the point of the too' 
is raised or lowered so as to coincide with the center line of the 
lathe. The action of the wedge is more clearly shown by Fig. 14, 
where the newly forged to^-^l is shown with its long neck at A, th 




Fir. 14 — .-Xdjustmcnt of 
Tool by Means of Collar 
and Wedge. 




Fif. IS — ^Tool 
Pott Collar 
(Plan and 
Sectional HI- 
CTttion). 






wedge B having been pulled back on collar C, to bring the point 
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of lathe. As the tool is ground off during 
wedge E having 
cutting 




tol to center 

;he shape approaches thai show 
been pushed forward on collar K, so as to maintain 
edge of ilie tool on the center line of the lathe as befon 

t"CLEAFANCi;" AND "rAKE." 
Pig- 13 shows the too! set with point on center line and a 
rtain angular distance between the end of the tool and the 
vertical tangent of the surface being cut. This distance is 
marked t, and varies in different kinds of work and will be 
discussed later. For present purposes it will 
answer to give just enough clearance so the 
tool does not rub against the piece of metal to 
be turned, say about 3 degrees for steel, 
wrought iron and brass, and 4 degrees for 
cast iron. The "clearance" is sometimes called Adjusiing Wtdsc 
"bottom rake," but the first name is the better one. 

The "rake" of the tool is the distance k, from the line of 
the tool to the cross-center line of the work in the lathe. It is 
better to call the distance k the "top rake," which is about 22 
degrees. This angle, added to the clearance of 3 degrees, makes 
a total clearance of 25 degrees, which subtracted from 90 degrees 
leaves 65 degrees, the "cutting angle" of the tool shown in place 
by Fig. 13. For steel and wrought iron the top rake may 
be as above, but for cast iron the top rake had better 
be diminished to about 15 degrees, thereby giving a cutting 
angle of 72 degrees. For brass the angle should be still slightly 
increased to about 8a degrees, which with a clearance of 4 
legrees leaves 76 degrees rake or top clearance. 

A tool, in order to feed properly along the work, must have 
tother form of clearance as shown at m, Fig. 13. This form of 
learance ia called the "side clearance," which should be very 
[nail, probably not more than the bottom clearance of 4 or 5 
In some types of tools, as shown by Fig. 13, side 
arance may be given a tool by swinging the tool sidewise 
( distance n, which turns a part of the end clearance into side 
l^arance. The tools which can be used in this way are not many. 
jhey are the "front tools" like round-end brass or cast-iron tum- 
E tooU and cutting-off tools, which make good ones for finish- 
if ground off a little on one corner. Such tools can be given 



Tnr. scRKW-ciTTiNt; lathe. 

a litlle side clearance by turning tlicm slightly as shown J 
Fig. 13. 

FORMS OF SIMPLE LATHE TOOLS. 
Several ordinary forms of lathe tools are shown by JTgj 
These tools may be purciiased in "sets" as above, all shaq 
ready for use, at a cost of $2 to $3, but in a size too small for 
use in the smith shop. The steel from which these small tools 
are made is about 1^4^ 'A inch and tliey are from 2j4 to 3 inches 
long. Of course these tools may be purchased in the size needed, 
but they will cost a good sum of mnney and there are sevcfiri 






tools among them whidi will not be needed for a long t 
the kind of work the smith is likely to do. 

The argument for buying the small tools is to keep them 
for patterns and forge tools from >i x I inch steel, making them 
just like the small ones, except for size, Furthermore, the small 
set of tools may be kept at hand to serve as models for grinding 
the larger tools, at least until the smith has "learned the trade" 
far enough to know why he gives a certain shape to a certain 
tool in order to obtain certain effects in the lathe. The yixi- 
inch tools may be purchased for about $5. 
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Directly in line with this matter is the arrangement of the 
;looi as shown by Fig. 14. Here the tool is tipped more or less 
ly means of the sliding wedge in order to keep the point of the 
the center line of the lathe. It will be noted that as the 
^|X)int of the tool is tipped downward, the clearance becomes 
[.greater and the top rake less. To a considerable extent this 
matter regulates itself, for as the tool is ground away on top 
natural for the "machinist-smith" to also grind off the face 
lof the tool as shown by the doited line g, to which point the 
grinding will probably have progressed by the time the tool is 
j^groimd down short as at D. 

Grinding off the front of the tool increases the clearance 
when the tool is low, and grinding off the top of the tool 
decreases the clearance in about the same ratio, therefore the 
clearance remains practically the same, the smith noting when the 
tool does not have quite clearance enough, and correcting that 
matter the next time he grinds the tool. 

Referring to Fig. 17. the names and uses of the several tools 

are as follows: Nos. i, 2. 3 and 4 are what is known as "side 

Ijtools." They can be used for almost any kind of exterior turning, 

tt they may be classed as "old style" tools, as they were used a 

eat ileal more fifty years ago tiian at present; still, for many 

inds of work these tools are not equaled by any other form of 

'I riiadc 

Nos. 5- ^ snd 7 are "diamond points," and are used for 

general work, heavy and light. Nos. 8 and 9, "half diamond" and 

"round nose," for turning cast iron and brass. No. 10 is a "water 

Wishing" tool. No. 11 is for "cutting off" and is made in dififer- 

it widths, as will be described later. Nos. 12, 13 and 14 are 

[■thread" tools; No. 13 is for roughing or taking the first cuts, 

2 for finishing the threads and No. 14 is a bent thread 

tool for getting into corners. No. 15 is an "inside" thread tool 

for cutting llireads inside of nuts and other work, and No. 16 

15 a boring tool for working inside surfaces. 
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I 

^^^ Although a tool may be made to work in almost any way, 
^^bowever it may be put into the tool-post, there is a certain way 
^^n^ereby the tool does better work than if set some other way. 
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Fig. i8 shows a tool improperly set to do good work, especially 
in the heaviest cuts that can be taken by the lathe. As shown 
by the engraving, the tool is feeding in the 
direction of the arrow, but bears against two 
edges of the tool-post at A and D. The tend- 
ency of the cut, especially if very heavy, is to 
push the tool around in a direction from A to 
B, and the other end of the tool goes from D 
toC 

In setting a tool always remember this 
tendency of a tool to swivel under the tool- 
post screw, and to prevent that action set the 
tool to bear against B and C and there can be 
no swinging of the tool either into or out of the cut. 

Fig- 13 gives a clue to the proper setting of almost any 
lathe tool as far as height is concerned for all tools must 
be set in that manner, but otherwise the tools must be difTereotly 
set according as they are to take heavy metal removing or light 
finishing cuts. Nos. i, 2, 3 and 4 should all be set for straight 
turning as shown by Fig. 19, the heel or shank of the tool going 





first, .so that the tool makes a "pulling" cut instead of a pushing^ 
one, as is the case with the diamond points 5, 6 and 7, Fig. 17, 
which are all end-cutting or "push" tools. 

The method of setting the tool in the post as shown by Fig. 
18 applies to the side tools fully as much as to the diamond 
points. For heavy cuts that setting of the tool is very necessary. 
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but for finishing and other light cuts it may be neglected, still 
it is an excellent way of setting a tool of any kind, for any cut. 
Tbe proper method of setting the diamond point tools was fully 
illustrated by Fig. i,^, and the roughing and round nose tools 
8 and 9, Fig. 17, should be set in the same manner as more fully 
shown by Fig. 20. 



IP Fig. jo-tJ« 

F The method of setting the boring tool and the internal 
pireading tool is shown by Fig. 21 at B and A. respectively. A 
more comprehensive view of tltese tools may be had at D and E, 
Fig. 22. where the proper setting is shown in plan and in the 
end view. It will be seen from this engraving that the tool is 
always set on the center and that it is ground to give about the 
same clearance and rake no matter what kmd of a tool is l)emg 
used or where it is to he set Let the smith machmnt ome 
^^£et this matter well hxcd in his mind and he will have no trouble 
^Hftfnnrhng or setting an) tool to take a clean smooth cut 
^B^ The method of setting the water finish tool is also shown bv 
^Hk 20, as also IS the setting of the cutting off and thread tools 

The water finish tool 10 is set square against the work, but the 
corner which is to be fed in advance is ground back a little. This 
will I)e more fully shown in Fig. 22. The cutting-ofT tool Is set 
in exactly the same manner as the water-finish tool. In fact, 
there is liltle difference between the two tools, and one may be 




THE SCREW-CUTTING tATHE. 

used in place of the other to advantage. In the engraving the 
cutting-off tool is shown very narrow, but its width is merely in 
accordance with the depth of cut to be made. Cuts only a half an 
inch or so deep may well be taken with a tool only r-i6 inch 
wide, while cuts 3 inches deep should have at least 3-16 inch 
width of tool to enable them to stand up to the work. 

As regards the width of a tool necessary for a water-finish 
cut, there is nothing arbitrary about the matter. It is only neces- 
sary that the tool is more than twice as wide as the width of 
cut taken by the lathe— width of cut, not depth. Fig, 22 illus- 
trates this matter, also the grinding back of the advance cutting 
comer of the tool as noted in the preceding paragraph. No 
matter what the angle at which the face has been ground, place 




that face square agamst the work and let the shank of th« 
point in whatever direction it may. 

The same is true of the water- finishing tool. Fig. 32 at B 
shows how the advance corner is ground away and the remainder 
of the tool set square against the work. Water should be supplied 
all the time when taking a finish cut, either by hand, from a squirt 
can, or from a can with a small hole therein, suspended above the 
work and arranged to feed along with the slide rest. Soda 
water, soap suds, or any similar substance may be used, but plain 
water is all that is needed. The water-finish tool, y^ inch wide, is 
wide enough to stand >S-inch finishing cuts. The smith lathe 
will never be called upon to make finishing cuts more than I-32 
inch wide, therefore the narrowest cutting-off tool is wide 
enough for a water cut. 

Bear in mind that the whole principle of finishing cuts, as 
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noted above, depends upon a "double-line" cut. This is shown 
plainly by Fig. 22, where one portion of each tool is ground to 
bear against the finished work, while the other portion of the tool 
is cutting down the metal ahead of the tool. Arrange every 
finishing tool in this manner, and a good clean cut will be the 
result, no matter what kind of a tool is being used. The rule 
applies to every form of tool, inside or outside. 

The thread tools must in every case be set square against 
the work and inclined neither back nor ahead. The thread tools 
are sometimes bent to enable them to be set easier in the tool- 
post, as in tool 14, Fig. 17, and this is also true with the other bent 
tools ; side tools 3 and 4 and cutting-off tools and diamond points 
are frequently bent to permit their use in some corner of work 
which cannot be gotten at with the ordinary form of tool. 

The roughing and finishing thread tools are applied as shown 
at D and E, Fig. 20. A roughing tool is used for the simple 
reason that it is impossible to keep the point on a sharp thread tool 
when roughing out the first portion of the thread. Frequently 
the machinist uses a single tool and grinds off the point when 
he does the roughing, but this makes another grinding necessary 
when the fin5shing cut is to be made, and is an expensive way, 
hence the use of the roughing tool 12, Fig. 17, and D, Fig. 20, 
which also shows the setting of the thread finishing tool at E. 



CHAPTER VI. 



DEPTH OF CUT. 

When taking a plain cut, one of two things must be the 
object: either to remove a lot of metal, or to obtain a finished 
surface on the metal which is being operated upon. It is not 
good policy to use a larger piece of metal than is necessary, for 
removing metal in the lathe is a costly operation. It is much 
better and less costly to do the metal removing in the forge 
and leave just enough metal to finish to size — and this is where 
the good smith comes in, for the writer has seen some of the 
latter craft who could forge fully as close as some machinists 
could work with a lathe! 

When metal must be removed — and frequently it has to be 
done, no matter how close the forging — set the tool to take as 
thick a cut as the lathe (or the work) will carry. It takes much 
less than double the power to run a cut 14 inch deep than it does 
to run a cut 1-16 inch deep, for the lathe friction is the same in 
both cases. Use a stiff tool and grind it in such a manner that 
it turns out a smooth continuous chip when cutting wrought 
iron or steel. The continuous chip business cannot be done when 
cast iron or brass is being worked, but the chip is always the test 
for the condition of a tool when cutting wrought iron or steel. 

Never try to work with a dull lathe tool (or any other tool). 
It requires too much power when removing metal and a dull tool 
never gives a good surface when finish is required. Never let a 
tool go until it needs a lot of grinding, and never grind a tool 
temporarily — that is, never sharpen just the point, so that the 
job can be finished in a hurry. Such a course never pays. The 
time saved in temporary grinding is more than lost by trying to 
make a poorly fitted tool do the work. Grind from the bottom 
of a tool, every time, and grind as well as you know how. It 
pays. 

THE PROPER SPEED. 

"How fast should a lathe be run on various kinds of work ?*' 
is a question which has many times been "fired" at the writer, 
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and the same answer must be given every time, to wit : Run the 
lathe 3s fast as the tool will stand it. Old-time machinists used 
to nin lalhcs much slower than the present practice calls for, 
and speeds of 20 feet per minute were often found. In many 
shops, tlie speed for turning gray cast iron lies between 32 and 
100 feet per minute for 6rst or scale cuts; 40 and I30 feet for 
second cuts, and 70 to 250 feet 
per minute for finishing cuts. 
But these speeds are much 
greater than llie smith will ever 
use for work that will come to 
him, therefore the several lathe 
speeds will be calculated for or 
at 20 feet per minute. 

The writer is not aware of 
the kind of lathe possessed by 
ly particular reader, therefore 
is unable to use the exact 
meters of the step pulleys or 
to figure exactly the speed at 
hich the lathe will nm with the 
:lt upon any particular .step 
with back gear in or out, but. for 
implc. will take the data of a 
iriain lathe which has step pul- 
's as follows: 4;>4 inches. 6,'-^ 
les, 8j^ inches. 10 inches and 
fi inches in diameter. The 
ley on the counter shaft has 
IS of exactly the same diam- 
rrs, and. as shown in Fig. 23, 
gear on spindle has 30 teeth, 
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Lilhe Step Conet and Bsch Gear. 

ihing into a gear of 90 teeth on the back gear, which also 
rrics another gear with r8 teeth, which engages a gear with 72 
Bth on the lathe step pulley. 

Thus the ratio between the pulley and the spindle when the 

( gear is in use is 12 to i, and the spindle speeds are as fol- 
Ws: With belt. 371. 231, 150. 97.5. 60.6 revolutions per minute. 
E counter shaft running at 150 revolutions per minute. With 

E gear in use the speeds are: 30.9, 19.25, 12.5, 8,1 and 5.05 
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revolutions per minute. The ratios between cone step speeds arc 
as follows: 1.60, 1.54, 1.53 and 1.60, and the ratio between the 
belt and gear speeds is 1.96. 

With the data given above we can figure the speed at which 
the spindle should be made to run to give as near 20 feet per 
minute as possible to the work in the lathe. The method is some- 
thing as follows : The work is 10 inches in diameter. What step 
should the belt be placed on to drive the work 20 feet per minute, 
or as near that speed as possible? 10 X 3.141 -r- 12 =: 2.62 
(slide rule calculation), which means that the work has a cir- 
cumference of that number of feet. Divide 20 by 2.62 and the 
quotient is 7.64, the number of revolutions per minute the spindle 
should run to give the surface of a lo-inch cylinder a velocity of 
20 lineal feet per minute. From the data given above it is found 




Fig. 24 — Diameters of Work Giving 20 Feet per Minute Velocity. 



that the nearest speed is 8.1 revolutions per minute, which is 
given when the back gear is in mesh and the belt is on the step 
next to the largest. The revolutions are 8.1, hence the surface 
travel will be 8.1 X 2.65 = 21.45 feet per minute, nearly. 

Fig. 24 gives a graphic representation of the different diam- 
eters of work which will give exactly 20 feet per minute cutting" 
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^peed. The smaller sizes are not given, as the circles would be 
too small to distinguish. The smith-machinist will do well to 
make up a simitar set of circles, either full or half size, and keep 
them near the lathe until he becomes accustomed to obtaining; 
the proper speed of revolution for any work he puts in the lathe. 
After a time the circles will not be needed, for the right velocity 
will come instinctively and without any apparent effort on the 
part of the operator to stiidy It out. For the present, however, 
make a set of "Velocity Diameters," and draw circles to them. 
They will come very handv- 

The tendency of machine shop practice is to as great speeds 
as the lathe tools will stand up under, and the zo feet per minute 
rate of feed is hardly ever found in practice nowadays. Still, for 
the beginner at lathe work, it is an excellent speed to follow. In 
a paper recently read before the Cincinnati Metal Trades Asso- 
ciation, the result of over 400 records of routine turning was 
tabulated, and it was shown that for turning gray (cast) iron, 
the 5peed in feel per minute varied from 32 to 115 feet for rough- 
ing cuts, or ,15 to 1.^5 feet for second cuts, and from 70 to 240 
feet for finishing cuts. For machinery steel the speeds given are 
considerably higher, ranging from 40 to 163 feet for roughing, 
45 to 150 feet for second cuts, and from 68 to 390 feet per minute 
for finishing cuts. It is stated that the tools stood up to this 
usage for different periods of time, ranging from 2;^^ minutes 
to half an hour. It is not expected or recommended that the 
smith-machinist will attempt the higher speeds. When the smith 

so that he can make a tool stand up under them he may be 

red that he knows how to forge 3 good lathe tool, also how to 
grind and set that tool exactly right. ^ 

Probably the early attempts to 
work a laihe tool at high speed will 
prove very disappointing, and the tool, 
after a few minutes" use, will appear 
something as shown by Fig. 25. 
Alwayi be on the lookout for a thing 
like this and never let a tool get 
into such a condition. If such use is permitted, the tools will 
soon he very scarce in the shop. Realize what it means to have 
a tool worn off. as shown at A, Fig. 25, It means that fully one- 
third of the effective cutting metal in the tool must be ground off 
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and wasted before the tool is fit for service again. To grind 
this tool, two courses are open : Either the top of the tool must be 
ground off down to the line B, or two sides of the tool must be 
taken down to the lines C. D and E. The first method is the 
best, for less metal will be wasted on the grindstone or emery- 
wheel, but the tool will need reforging quicker than if it is ground 
off on the vertical faces, C and D. 

The lesson to be learned from an occurrence of this kind is: 
Never let a tool get as dull as shown by Fig. 25. The time to 
grind a tool is as soon as any appreciable wear appears at A. A 
tool cannot get into this condition without first becoming slightly 
rounded on the cutting edge, a condition which immediately be- 
comes manifest by the chip becoming rough and lumpy, more 
heat being manifest between tool and work, and by symptoms of 
distress manifest generally by the lathe and by the belt in 
particular. 

Too fast a speed is frequently made manifest by a tool taking 
the shape shown in Fig. 25. Indeed, distress is always mani- 
fested by the tool when the cutting speed is too high, although 
similar results are sometimes obtained at the tool point by 
improper tempering and by poor shaping or grinding. Some- 
times the novice grinds the tool so fast on an emery wheel that the 
temper is run out of the point of the tool, which immediately 
wears oflF to look like Fig. 25. The operator will soon learn to 
distinguish between trouble caused by too much speed and that 
due to too soft a tool. 

ROUGHING AND FINISHING CUTS. 

In setting a tool for a roughing cut, the point of the tool 
should always be protected by being made to run in clean metal 
underneath the outer scale or skin of the work. In roughing cast 
iron there usually is more or less sand adhering to the metal, 
and if the point of the tool is made to scrape through or against 
such scale, the grindstone will be in more use than the lathe. 
For roughing cuts, the tool should take a cut thick enough to 
make sure that the tool works below the scale. Then, only a 
thin edge will come in contact with the scale, and where that 
edge does come against it, the scale has been broken or torn 
away by the wedge-like action of the point of the tool which is 
slightly in advance of the portion of the tool which cuts the skin. 
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Fig. 26 shows the proper setting for a roughing cut in cast 
iron, the round nose too! being used. The advanced point of 
the tool B cuts in clean metal and does not come in contact with 
scale, which only can come in contact with the tool at C, and 
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even then, as stated in the previoii*' paragraph, the advance por- 
tion of the too! at B serves as a wedge to open up the chip, 
breaking it away from the uncut melal, so that in reality there 
is very little cutting aclually done by the tool at C. 

Second and finishing cuts have no scale to contend with, 
therefore the tool can be set to cut on the surface as much as 
is necessary. In fact, no attention is paid to the surface of 
the worlc when setting a tool for a second or for a finishing cut. 
The tool is placed to bear fair against the finished surface only, 
leaving the matter of the rest of the cut to take care of itself. 



As stated elsewhere, a particularly line finish can be obtained 
on a turned surface hy keeping the tool and the work wet with 
water or some other substance. The reason why the tool cuts 
cleaner when wet is that the water or other substance serves 
as a sort of lubricant to the tool and enables the tool to cut with 
less expenditure of energy than when it is not lubricated. An 
instance is the use of oil when chipping wrought iron with an 
ordinary cold chisel. The oil lubricates the cut so the chisel per- 
form its worlc easier, therefore cleaner, than when used dry. 

Another reason for using water on a finishing cut is that the 
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heat generated at the cutting line is carried away by the water, 
enabling the tool to keep cooler and therefore retain its edge 
a much longer time. Not only does the water carry away a 
portion of the heat generated by direct increase in temperature of 
the water flowing over the cut, but much more heat is absorbed 
by a portion of the water being turned into steam at the point of 
cut. This is the real source of cooling and it probably has a 
good deal also to do with the quality of the finished surface. 

USE OF SODA WATER AND OF OIL. 

In* some shops, pure water is used for finish cuts ; in other 
shops, a sort of soda water is used. Again, other shops make use 
of soap suds, while other shops use oil. Any of these substances 
will enable a lathe tool to take a much smoother cut than it is 
capable of when dry. Oil is not a good substance to use on 
finishing cuts, or on any other lathe-work except polishing. 
Water is the best. Soda dissolved in the water does three things 
which are beneficial. Soda water is a better lubricant than pure 
water and has more the nature of oil, thereby reducing slightly 
the friction of the tool against the work. Soda water has a higher 
boiling point than pure water, thereby enabling the water to 
become heated hotter before it is flashed into steam by the heat 
generated in cutting iron. Third, soda water will not rust the 
work as pure water will, the alkaline solution holding the oxygen 
of both water and air well in check, therefore soda water fills 
the bill as a water-cut material. Many other substances will 
help make as smooth a cut as soda — salt, for instance, will do as 
well as far as cutting is concerned, but the manner in which a salt 
solution will let oxygen act upon the surface of iron or steel 
forever prevents the use of salt water for making finishing cuts. 

In this connection, it may be well to call attention to the fact 
that there are liquids which, instead of acting as lubricants when 
applied to cutting tools, seem to aid the tools in taking hold of 
the work. Spirits of turpentine, applied to a cutting tool, helps 
to cut material which, without the liquid, the tool could not 
touch. Substances like glass may be turned or drilled if the 
tools be kept wet with turpentine, benzine or similar substances. 
But they do not make the tool cut smooth, hence they are worth- 
less for use on finishing cuts. 



CHAPTER VII. 



FILING WORK IN THE LATHE. 

The proper method of setting tools for finishing cuts was 
described in Chapter VI. and only practice in accordance with 
the directions there given is necessary to enable any good work- 
man to turn out work with a ^smooth finish which is accurate 
to size as well as of good appearance. When it is not convenient 
to take a water cut over the work, a finished surface may be 
obtained by first filing the work in the lathe, after which the sur- 
face is ground with emery and then polished by any adequate 
substance like chalk or clay. "^^ 

When it is decided to file up a piece of work in the lathe 
with a view of ultimately giving it a high polish, a good deal of 
attention must be given to the selection and use of the file. A 
coarse file should never be touched to work between lathe centers 
for the purpose of preliminary polishing work. If there is 
material enough to be removed to warrant the use of a coarse 
file, then take another light cut with the lathe tool and remove the 
superfluous metal. 

All the filing that should ever be done is sufficient to remove 
the tool marks, and the skillful workman will see that these marks 
are very slight. Nothing coarser than a mill file should ever be 
touched to the work and then that file should be used lightly and 
sparingly. Remember, that as soon as filing commenced, the 
work begins to depart from a true cylindrical form and becomes 
more or^ less irregular in section — the more it is filed, the more 
irregular will it become. 

The first stroke of the file means that flat places are being 
made, therefore it is advisable to speed up the work so that a 
single stroke of the file will reach at least entirely around the 
object being filed. For very small work, the highest speed may 
be used for filing and larger diameters should have the speed 
reduced in proportion. A ten-inch shape should revolve at least 
60 revolutions per minute for filing purposes. The file should be 
applied lightly, and with a steady pressure, and moved slowly 
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against the work. Never give the file a quick jerky motion while 
filing in the lathe— or anywhere else, for that matter. 

HOW TO HOLD A FILE. 

See that there is a firmly fitting handle on the file. Never 
use a file without a handle — and grasp the handle with all the 
fingers of one hand, then take the tip end of the file between 
the thumb and forefinger of the other hand. Bear lightly against 
the work and push the file lightly and evenly along so that its 
whole length, from point to handle, comes in contact with the 
work. In selecting a file, sight along the sides and see that there 
are no short crooks in the file. A file which is full of hollow 
places and bunches is not fit for lathe filing. If you have been 
caught into buying such a file, use it for something other than 
finish filing in the lathe. 

If the file is new, dip it in gasoline or naphtha to remove 
every trace of grease. Brush the file with the file-card to make 
sure that no grease remains in the bottom of the cuts. As soon 
as the gasoline evaporates, rub some chalk over the file. The 
chalk will fill the spaces between the teeth and prevent the file 
from filling up or clogging with metal filings. While the file is 
clean, it can be pushed with a smooth easy motion along the 
revolving work, but as soon as one or more particles of metal 
stick between the file teeth, a roughness will be felt in the advance 
of the file as it rides over the obstructions between the teeth. 
The result will be bad scratches in the work where the caught 
filings tore their way along the surface of the work. Just as 
soon as the least roughness is felt in the advance of the file, clean 
it with the card and rub in some more chalk before taking 
another stroke. 

It is impossible to do good work with a dirty file, arid- never 
a stroke should be taken when the feel of the file shows that some 
of the teeth have become clogged up. File "cards" are on sale 
in the hardware stores. They consist of a piece of wood con- 
veniently shaped for the hand, with a bit of "card clothing" tacked 
upon the board. The "clothing" is a piece of leather filled with 
fine wire steel teeth which project about }i" from the leather. 
Rub this appliance hookwise in the direction of the angle on which 
the file was cut and it will clean out all the foreign material which 
may be lodged there, with the exception of some bits of metal 
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which have become hammered between the teeth too strongly to 
be removed by the bruah-cleaner. These bits of metal are what 
cause trouble when filing. To remove them, take a sharp pointed 
awl (a horseshoe nail will do, if nothing better is at hand) and 




mush it sharply along the channels between the file teeth. A 
ngoroiis application as described will remove the most obstinate 
pits of metal. The application of chalk prevents, to a certain 
ixtent, bits of metal from becoming wedged between the teeth of 
[he file. Fig, 27 shows how the bits of metal are taken out. 

EMERY CIOTH AND ITS USE. 

After the tool marks have been removed with a file tech- 
ally known as a "mill" file, use a finer file of the cut known as 
smooth." There is a still finer cut of file, but it does not pay to 
r with it in finishing lathe work. Emery paper will do the 
tlisincss quicker than a file and at the same time will keep the 
Iprface more nearly cylindrical than is possible by filing. 
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Wrap the emery paper or cloth around the work in the 
direction the lathe is nmning, then press upon the paper with one 
or both hands and the paper will get in its work. Use paper a 
little finer than the file, and as soon as the file marks disappear 
use still finer paper, changing to still finer emery as the coarse 
marks disappear. In a few minutes a dull gloss will appear on 
the surface of the metal and the finish may be increased by the 
continued use of the last piece of emery cloth until it becomes 
filled with metal from the work being polished. Then the emery 
can cut less and the metal chips act as a sort of burnisher to polish 
the work. 

If a very high polish is required, the emery paper may be 
replaced with rotten stone and later by crocus powder, which will 
give the work a surface as smooth as can be obtained. Bear in 
mind that it is of no use to try to polish a rough surface. Such 
an attempt will only polish the high spots, while the low places 
remain as rough holes among the highly polished high spots. 
A true surface must first be obtained before polishing can be 
effected. This is gained by the filing and emery papering 
described. As the carriage painters put it, the surface -must be 
made "level" before it can be finished with even a decent polish. 

GRINDING WITH EMERY WHEELS. 

Some people entertain the idea that a polish can be given 
to metal by means of emery wheel grinding, but nothing can be 
further from the truth. The object of emery wheel grinding is to 
obtain a true surface, either flat or cylindrical, not to put a polish 
on the surface. True, a surface can be obtained by successive 
treatment with finer and finer graded wheels, and a finishing 
touch with rouge on a rag wheel, which will impart a splendid 
surface to the work, but that does not constitute emery grinding 
with wheels. 

Probably all the wheel emery grinding which the smith 
machinist will have anything to do with, is the placing of an 
emery wheel upon a fixture which is held in the tool post of the 
lathe and driven from a drum overhead, the work being revolved 
at a slow speed while the emery wheel is traversed back and 
forth along it. 

The principle of a tool post rig is shown by Fig. 28, and the 
smith can easily rig up the necessary apparatus for himself, or he 
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I jnircliasc the entire outfit ready made. Briefly slated, the 
■ice consists of the emery wheel A, attached to the arbor of 
! tool-post bearing B, which is so shaped that it is put into 
k tool post exactly as if it were an ordinary tool. The bearings 




f fitted with oil cups and an adjustment for wear, The drum 
B mounted overhead, independent of the lathe counter, and is 
1 by its own belt D : tight and loose pulleys being suppUed 
f starting and stopping the drum. 

The object to he ground, E. is put between centers exactly 
for turning, and especial care is taken that the centers are in 
I cnndilion and well fitted to the work. In grinding, it is 
pessary that the wheel always traverses entirely past the end of 
f work. If the wheel is reversed before its width passes 
Mttly off the end of the work, true grinding is impossible. 

KEEPING EMERY WHEELS IN ORHER. 

In order to do good grinding it is absolutely necessary that 
i emery wheel be round and free from all low places, hard 
Ips, or glazed spoLs. If the wheel runs the least bit out of 
• it must be rounded up before a decent job of grinding can 
To dress an emery wheel a diamond tool is an absolute 
. No other appliance will take the place of the diamond 
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for this service, and a diamond tool costing two or three dollars 
will, by careful use, last for years. 

With a diamond tool, the emery wheel can be turned as if 
it were a section of a turnip or some other soft material, so easily 
does the harder diamond take hold of the hard emery. Keep the 
diamond handy to the emery wheel, no matter whether you 
are going to grind a piece of steel for a fit within a quarter of a 
thousandth of an inch, or whether you are going to sharpen the 
chilled point of a plow. It is just as necessary that the wheel run 
true in one instance as in the other, and the quality and quantity 
of the work turned out in either instance is in direct ratio with 
the condition of the emery wheel, other things being equal. 

To true up an emery wheel, put a solid bearing within a 
quarter of an inch of the wheel and rest the diamond tool firmly 
on that rest or bearing and turn up the wheel as if it were a piece 
of wood in a speed lathe. During the turning process the emery 
wheel may run at its full regular speed and need not be slowed 
down for truing up. 

In selecting a diamond tool, pick out one from which the 
handle may easily be removed, then when an extra nice wheel is 
required the tool minus its handle may be put into the tool post 
of the lathe and the wheel dressing done in short order. In emery 
grinding for accuracy of diameter and surface, and that is what 
is desired in this kind of emery work, bear in mind that an 
object like a roll or a wheel which is to be made to run accurately 
in bearings cannot be accurately ground on centers. 

For instance : if it was desired to make the emery grinder as 
true as possible it would not do to put the wheel on its arbor 
between the lathe centers and grind the wheel thus. It would 
be extremely probable that the wheel would not nin true when 
it was put back in its own bearings. To obtain extreme accuracy 
in a case of this kind, grind up the bearings of the emery wheel 
shaft, then fit them closely to their bearings, after which put the 
wheel in the tool post, fasten the diamond tool to the slide rest 
as if it were to be ground, and then feed the wheel past the tool. 
This will do the trick, and the wheel will come out as accurate 
as it is possible to make it. 

If the smith ever has occasion to grind up hardened rolls 
for a jeweler or some other chap to roll small strips of metal 
with, never try to grind the rolls on centers. Grind up the roll 
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bearings on centers, then put the bearings in their own boxes and 
grind the roll in its own supports. 

BUFFING AND POLISHING. 

For finishing or polishing irregular surfaces, the smith may 
with little expense rig up some buffing wheels, which, supple- 
mented with "rag" wheels, will enable him to do almost any job 
of polishing which is likely to be brought to him. Buffing wheels 
may be made of well-seasoned white pine or mahogany, thin 
wood being used and the grain crossed, the layers glued together 
under pressure, the wheels mounted on mandrels and turned 
smooth and true. It is best to fit each wheel to its own mandrel, 
and let it stay thereon all the time. 

The best wheels should be faced with leather glued on, the 
leather turned to a fine surface, then tallow is rubbed into the 
leather and the wheel rolled on a board sprinkled with the fine 
polishing material. This type of wheel is ready for use at once 
after applying the emery. 

DANGER OF LATHE GRINDING. 

Having verj' briefly described the methods of lathe grinding 
and polishing, a word of caution is necessary. There is no 
work which will so quickly wear out a lathe as tool-post grinding. 
The reason is that the emer>' particles torn from the wheel dur- 
ing the grinding operation find their way into the bearings of the 
lathe, and upon the sliding surfaces, where they imbed them- 
selves and cut the surface. Tool-post grinding, then, should be 
sparingly done, and as soon as possible rig up separate machines 
for this work, particularly for polishing and buffing. 



CHAPTER VIII. 



SCREW CUTTING. 

Screw cutting is one of the most interesting operations per- 
formed with the lathe. It is second in point of interest only to 
geonietrical turning and is of much more use in practical me- 
chanics. The patterns traced in fine lines on the backs of bank 
notes and watch cases are formed by a cutting tool held in what 
is known as the ^'Geometrical Lathe/' or in a ^'geometrical chuck," 
which mav he used in an ordinary lathe. The screw is formed 
by moving a cutting tool endwise on a rod a certain distance 
during the making of a certain number of revolutions of the rod. 

Technically a screw is nothing more or less than "a wedge 
wrapped around a cylinder," as may be easily proven by cutting 
a triangular bit of paper and rolling same around a pencil, keep- 
ing one edge square with the pencil while the other edge of the 
paper winds on it exact imitation of a screw. In fact,. it is a 
screw. No man or machine has yet succeeded in making a 
perfect screw. All the micrometers and instruments of precision 
are made imperfect by the impossibility of making a screw abso- 
lutely perfect. Screws are made almost perfect, but never quite. 
The error in a good screw is very slight and the smith will never 
be troubled by it in any work he will do. In many cases of pre- 
cision measurements a screw is wanted which shall be of an exact 
number of threads per inch and which shall be even from one 
end to the other. It is not yet possible to fill either of these con- 
ditions. A screw has never been made with an exact number of 
threads to the inch, and a long screw made with the utmost care 
and highest skill known will prove irregular. Some portions will 
be found "fast" while other portions are "slow." That is: The 
nut will get ahead or lag behind what should be its proper move- 
ment, making a table of corrections necessary for every inch of 
the screw used in high grade work. 

SPIXOr.E, STUD AND LEAD SCREW. 

In front of the lathe, as described in Chapter I, will be found 
a rod with a key-way cut along that portion of its length over 
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which the slide rest passes. With the use of this rod screw 
cutting has nothing to do. Near the rod is a long screw which 
also passes through that portion of the slide rest which hangs 
down in front of the lathe and is known as the "apron." The 
gearing contained in this apron should never be neglected. The 
smith should investigate it and know how it is arranged, then 
he should oil it regularly, keep all parts clean and see that no 
screws get loose to let lost motion get between any of the parts. 
To do good lathe work the machine must be kept clean, oiled and 
tight. If you can't do that sell the lathe and buy a shovel instead. " 

The screw is connected and disconnected to the apron by 
means of a split nut, which in turn is operated by a lever pro- 
jecting through the apron. To cut a screw the rod feed is dis- 
connected and the nut clamped upon the lead screw, as it is usually 
called. The lead screw must be connected with the spindle by 
means, of gears, and upon the number of teeth in the gears 
depends the pitch of the thread which will be cut by the lathe 
as set up. For instance, if gears of equal teeth be placed on both 
spindle and screw then the screw cut in the lathe will have ihe 
same number of threads per inch as the lead screw. If a gear 
having twice the number of teeth be placed on the spindle, the 
same gear remaining on the screw, then the lathe will cut a 
screw with only half as many threads to the inch as the lead 
screw. If the position of the gears be reversed and the larger 
gear placed on the screw, then the lathe will cut a screw with 
twice the number of threads per inch as there are on the lead 
screw. 

It is then necessar>' to properly proportion the number of 
teeth of the gears connecting screw and spindle in proportion to 
the pitch of the lead screw and the pitch of the thread to be cut. 
If the lead screw is, or has, six threads to the inch and it is desired 
to cut a screw with twelve threads to the inch, then it is only 
necessary to put a gear of twelve teeth on the screw and one 
of six teeth on the spindle ; then the latter will make twice as many 
revolutions as the former and the threads per inch will be doubled. 
Therefore, in "calculating change gears," as the machinists call 
it, it is only necessary to put on the spindle a gear with a number 
of teeth equal to the pitch of the screw and on the screw a gear 
with a number of teeth equal to the number of threads to be cut. 
This makes a nice easy nile to work by and to remember and 
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makes the smith independent of the table of change gears which 
comes with the lathe and which is sometimes fastened to it on a 
brass plate. 

On the head end of some lathes is a swinging arm or bracket 
which has a projecting stud for the reception of one of the change 
gears. This part is known simply as the "stud," and a gear is 
placed upon it simply to make the lathe carriage travel in the 
right direction. If a lathe cuts a right-hand screw with the stud 
in use it will cut a left-hand thread with the stud gear removed. 
The gear on the stud is also frequently necessary to connect the 
gears on screw and spindle. In this case a second stud would 
be needed to cut a thread of opposite hand. 



SIMPLE AND COMPOrND CHANGE GEARS. 

The diagrams herewith presented give an idea of the use of 
one or more studs. I-'ig. 29 shows the lathe arranged for cuttin;^: 
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Fig. .'9 — Change gears for cutting right-hand thread. 



(ijL^^ht threads per inch, the arrangement being for right-hand 
tlirciuls, wliilc l''i.i>:. 30 shows the arrangement for left-hand 
cultinc,^ The gear on the spindle has thirty teeth; the No. 6 
*icrow has a forty-tooth gear on it. 'I'o cut eight threads requires 
gears in the ratio of six to eight, and as there cannot be gears of 
so few teeth we use gears having muhi])les of those numbers. As 
regards teeth, we chance upon a factor of five and see how it works 
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out, as follows: Five times six are thirty teeth for the spindle, 
and five times eight are forty for the screw. As gears having 
the number of teeth thus called for are to b^ found they may be 
put in place as shown. Or, we may use 36 and 48 gears, or 35 
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Fig. 30 — Change Gears for Cutting Left-band Threads. ^ '^ 

and 56, or any multiple in number of teeth to the six and eight 
called for by the screw and the thread to be cut. 

Having placed the gears as noted above, it will be found 
that they are not large enough to mesh with each other, there- 
fore it is impossible to drive the lead screw with the gears 
selected. To connect the gears it is necessary to use a third 
gear which can be adjusted to mesh with the two described above. 
This gear is shown on the stud, which is fastened to the lathe 
headstock by means of a singly bolt put through a slot in the 
foot of stud, thus making an arrangement whereby the stud 
gear can be pushed into any desired position in order to connect 
the two gears. 

When adjusting the stud take care that the gears do not 
go too deeply in the mesh, or they will bind against each other. 
The stud should be so adjusted that the gears all run easily and 
smoothly. It makes no difference what gear is used on the stud, 
as it does not enter in any way into the calculation for the pitch 
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of thread to be cut. If a left-hand thread is to be cut it may 
be necessary to use two studs, as shown in Fig. 30, although when 
there is a reverse in the lathe headstock the double stud business 
is unnecessary, as the reversing can" be done by means of the 
reverse in question without the intervention of the second stud. 

Some lathes are fitted with compound gearing for screw 
cutting. This means that the stud carries two gears which, when 
applied to a lathe, make the stud gear a factor in the screw 
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Fig. 31 — xVrrangemcnt of Compound Change Gears. 

cutting, something which is not the case when the gears are not 
compounded upon the stud. Fig. 31 shows the manner in which 
compound gears arc arranged. In this the stud carries two gears 
which are securely fastened together, and the number of threads 
per inch which any pair of gears will cut must be multiplied or 
divided by the ratio of the stud gears to each other. 

"box*' change gears. 

The lathes noted above have each a complete set of change 
gears permanently mounted on two shafts, something as shown 
by Fig. 32, in which the upper shaft is the spindle of the lathe, 
while the lower one represents the lead screw of the lathe. In 
practice the gears are mounted on short shafts of their own and 
connected by gears with the parts above mentioned, but the 
diagram represents the principle of the operation. 
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A feather with a lump on it, shown at A, is made to slide 
easily through all the gears, the lumps only engaging one at a 
time, when the keyway in each happens to coincide with the key- 
way in the shaft. The feather is moved along in its seat by 
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means of the handle B. When it is desired to use the gears 36 
and 36 to cut a thread of No. 6 pitch, same as the lead screw, 
then the lump on the feather is pushed into the 36-toothed gear 
shown adjacent to it and the lathe is all ready, as far as the 
gears are concerned, to cut the thread wanted. It is understood 
that all the gears on the spindle are permanently fixed to that 
shaft by means of a feather or by other means. Thus, if it is 
desired to use gears 12 and 60 to cut a No. 30 thread, then the 
knob A would be pushed into gear 12 and the lathe is ready. 
If a thread of i 1-6 pitch is wanted (which probably never will 
be called for), the knob A is drawn into the 60 gear and the 
thread cutting operation proceeds. The gears given in Fig. 32 
are purely imaginary and are not as actually used on any lathe. 
The threads cut by gears of the teeth given would not be very 
practical, but the diagram serves the purpose of illustrating the 
principle of the box change gears, for which purpose alone the 
gears in question are intended. 
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There are several kinds of threads in use in the United 
States, and it stands the smith to become acquainted with the 
standard threads and to work according to the same whenever 
possible. The United States Standard thread should always be 
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nscd on new work unless a square thread is necessary. Two or 
three other threads are used to a considerable extent, and they 
arc given, in order that the smith may know how to shape them 
when they are called for. The Standard V thread is often used 
in the machine shop and it is formed by a simple V-shaped tool 




as described in Chapter \', .As shown by the accompanying dia- 
gram, the tool must i>c ground to an angle of 60 degrees and the 
gauge used for shaping the lathe center will answer admirably 
for testing the shai)e of a thread tool, both for Standard V and 

for United States Standard, 

STANDARD TIIRKAD5. 

The United States Standar<l thread differs from the Standard 
V thread only in having the top and the bottom of the threads 
cut off. Hoth these threads have an angle of 60 degrees. The 
Standard V threads has a depth of 0.S5 of the pitch. The United 
States Standard thread has a depth of only 0.65 of the pitch, and 
as one machinist aptly expressed the matter: "A roughing tool 
for a V thread will just cut a Standard United States thread," 
It is one of the beauties of this thread that the tool stands «p 
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well under tlie cut — much better than when cutting the V" thread, 
where the wearing off of the point of the tool is the one great 
L,'rievance the machinist has to overcome — and he could get 
around the difficulty only by grinding off the point of the tool 
BO it would cut a flat top and bottom thread — United States 
Standard in fact — then he would later shaqten up the tool and 
(Cut out the bottom of the thread, thus making it into a Standard 
f tliread. 

The Whilworth thread originated in England. It is practi- 
lUy the United Stales Standard thread with the top and bottom 



Jj/i 



i the thread rounded. The angle of this thread is 55 degrees, 
Ij^yi degrees on either side of a vertical line drawn through the 
The depth is 0.75 the pitch, and the thread is. as stated. 
Rinded top and bottom. The tool is quite a hard one to grind 
^d the thread possesses little if any advantage over the United 
s Standard thread. 





Fig. j6— Thf Sqmti ThrcMd. 

The Square thread is made both single and double, and is 
' used for heavy work, like presses and similar machinery. The 
angle is square and the depth equals half the pitch plus o.oi" to 
0.03" clearance. The width between threads equals half the pitch 
plus clearance. When cut double it is a quick-acting thread. An 
ordinary cutting-off tool with a good deal of side clearance may 
be used for aitting this thread. 



66 THE SCREW-CUTTING LATHE. 

The Powell thread is much like the Square thread, with 
certain characteristics of the Standard United States thread. It 
is used for the same purposes as the square thread, and may be 




KiR. 37— The Powell Thread. 

cut with the same tool by merely grinding off the corners of the 
tool to the proper an^le. The depth of this thread equals half 
pitch plus clearance. The width of thread at top is 0.37 of the 
pitch and the space at the bottom is also 0.37 of the pitch. 

TAKISG ROUGHING AND FINISHING CUTS. 

Having set np the change gears and made a tool in accord- 
ance with the direction given above and in previous chapters, 
start the lathe and run forward the tool until its point barely 
touches the work. Stop the lathe without moving the tool and 
apply to the slide rest carriage a sort of clamp which will be 
found among the furnishings of the lathe. The clamp has a 
set-screw by means of which the carriage or the cross-feed may 
be permitted to advance more or less by slacking off on the set- 
screw with the fingers. Bring the screw to bear", clamp the 
casting, and see that the point of the tool barely touches the 
work, which, by the way, must be so held that it has no lost 
motion back or forth. Tie or wedge the dog in such a manner 
that the work cannot move forward or back without the lathe- 
spindle going with it. 

There are three ways of starting a thread. Either the 
cuttitig may get into tile metal on a gradual slant or taper, or a 
hole may be drilled in the work at either end of the thread, or a 
portion of the work may be turned down at either end of the 
proposed thread to a diameter equal to that of the bottom of the 
thread, as found from the description of each thread given above. 
This is the most satisfactory way and should be employed when- 
ever possible. The turned down portion of the work where a 
thread stops is technically known as a "nm-off." 
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Start the lathe and run the tool the entire length of the 
thread hlank, setting the tool forward until it takes a sliglit cut. 
then bring the set-screw against the cross-feed so the tool can 
go no deeper. Arrived at the end of the cut, screw the tool back 
clear of the work. If a run-off is used there is time enough for 
this, but if 3 drilled hole stops the thread it will be necessary to 
stop the lathe l)efore the hole is reached and to turn the lathe 
by hand by means of the belt a few inches until tlie tool enters 
the drilled hole, when the tool is to be moved back as above 
described, 

When the thread tapers into and ont of the work it is 

I necessary to run the cross-feed back by hand at the instant when 

I the tool reaches the end of the cut. This requires nice judgment 

on the part of the lalheman. and the beginner should practice 

with a generous nm-off at either end of the screw until he "gets 

the hang" of the new school-house. Having arrived at the end 

of the thread, with the tool run back, reverse the lathe and let the 

lead screw run the carriage back to the beginning of the thread. 

While this i« lieing done screw back the little sct-screxv just the 

^epth of another cut with the tool. A little experience will 

[uickly tell how much, and a few broken tools or screws twisted 

mm between ihe lathe centers will indicate the proficiency of the 

fcamcr. 



CATCHISfl THRKAD'a VS. HIIWING THE CARRIAGE BACK, 

It requires a very considerable length of time for [he lathe ■ 

triage to be screwed back after each cut, and the lathesnian 

pill soon cast about for means of saving some of the time thus 

As he becomes expert with the lathe he will find that in 

lutting some threads tlie nut may be opened by unclamping, the 

e carriage run quickly back by hand in a fraction of the time 

(quired by the screw and the nut clamped in again, picking up 

"Catching" the thread exactly as if die lathe had been run back 

This is true when the thread being cut is the same in 

|itd] as Ihe lead screw. It is also true with some multiple pitches 

[ thai screw, but there are certain threads which cannot be 

pught up without some special maneuvering. For instance, to 

nt a No. 7 thread and catch the screw just right each time 

wid require considerable study and take longer than to run the 

triage back by reversing the lathe. 
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A (luick and sure way of catching any thread is as follows: 
Make a mark on the large pulley or on the flange between that 
pulley and the gear on spindle. Bring the mark to coincide with 
another mark on the lathe head, and at the same time rig a stop 
whicli will prevent the carriage from being moved any farther 
toward the Iieadstock It is evident that with the spindle and 
carriage in this position the nut can ahvays be locked in the same 
place, therefore cut to the end of the screw, unlock the nut, run 
carriage back by hand to the stop, stop the lathe on the two 
marks, throw in the nut and go ahead with another cut on the 
thread. 



CHAPTER IX. 



INTERNAL TURNING OR BORING. 
A general idea of the form of tool for boring, was given 
in Chapter V and the simple tools therefor were illustrated. Bor- 
ing, in the accepted meaning among machinists, means cutting 
metal off the inside of a cylinder, while "turning" means the 
cutting of metal off the outside of the cylindrical shape or body. 
But in actual work boring is very seldom done with a tool shaped 
h'ke any of those illustrated in Chapter V. It is only in job work, 
where a single hole is to be made, that boring with a lathe tool 
is resorted to. And even then the lathe tool is used if no other 
tool can be found with which to do the work. 

I But as the smith proposes to do little else except job work it 
)s in order to tell how to do a gooil job of boring with ordinary 
luhc tools. To begin with, always use as large a tool as can 
K gotten into the hole to be bored. Mever make use of a slim 
tool when a heavy one can be used as well as not. .\bove all 
things, never, under any circumstances, forge down or alter over 
a stajidard tool to do some special job. Have some tools for that 
purpose alone, and even then, whenever possible, forge up a new 
tool for the job in hand and then make that tool one of the 
mdard ones, for never yet was a lathe tool made but what it will 
mc in very handy: in fact, be just the thing for some similar 



The more lathe tools the belter. They are a very good iii- 

telmenl. and money put into tools of any kind is always money 

pll invested. Don't begrudge the money you spend for tools. 

I setting a lathe tool in the tool-post always place it in such 

(manner that when it springs under the strain of a cut it will 

r against the side of the tool-post. This matter was fully 

scribed and explained in Chapter V also, and inside tools as 

mU as those for ontside turning should always be placed against 

1 sides of the lool-post slot, .ind the tool-post twisted around 

■til the desired position of tool has been reached. 

The clearance necessary in a boring tool varies with the 
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diameter of the hole to be bored. Were the size of the tool used 
always in proportion to the diameter of the hole to be bored 
there would be no difference in the angle of clearance necessary, 
but as the tool selected should, as stated, be as large as can be 




used in the hole, the clearance must necessarily vary as shown 
by Fig- 38, where the tool fills more of the small hole at B than 
it does of the large hole at A, whereupon the machinist grinds 
back the lower portion of the tool in order to get it into the hole 
in the proper position to do good cutting. Should the smith- 
machinist go to the trouble of making up tools for small holes 
and other tools for large holes, then he can grind the clearance 
of each tool on the same angle as shown at a. in sketch A, merely 
grinding the clearance of the tool on a circle instead of to a 
straight line as shown by both sketches A and B. But the smith 
machinist does not like to do this, therefore be grinds more 
clearance for the tool in the small hole and lets it go at that, 

USE OF THE CHUCK AND THE STEADY REST. 

As a usual thing it is not possible to do a job of boring 
with the work suspended between centers. On very large shallow 
holes this may be possible, but it is not practical one time in a 
hundred, therefore the tail-center must be di.spcnsed with when 
boring is to be done, and the work must be held in the lathe in 
some other manner than between centers. Usually the chuck 
does duty in this business, and when the work is of considerable 
length the steady rest must be brought into use also. 

Suppose it be necessary to bore out a shaft collar from 
I 15-16 to 2 3-16 inches. The first thing is to chuck the collar. 
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For this purpose, if the latlie lias been fitted with a chuck, remove 
the small face-plate which h used to drive dogs when turning 
ordinary work, and put in place the chuck, screwing it on the 
spindle as far as it will go. Some men have the very bad habit 
of putting on a chuck by starting the spindle, no matter whether 
the beh happens to be on a fast or on a slow speed — and letting 
the chuck screw home and fetch up with a jerk at the end of the 
.threaded portion of the spindle. This is bad enough when putting 
the little face-plate used for dog driving, but when a heavy 
ilate or a big chuck is thus put in place there is danger of seri- 
isly straining the spindle, particularly if the belt happens to 
1 a fast speed. 

A good way to put on a chuck is to hold it in place with 
le right hand and turn the spindle with the left hand by means 
ft the belt until the chuck has been screwed home. Or a careful 
lan may hold the chuck with one hand and start the lathe on a 
low speed with the other hand, making sure to stop just before 
le chuck goes over the last thread, which should be screwed up 
hand. Another abuse of face-plate or chuck, which should be 
ivoided, is to start them off by putting a piece of iron in position 
for the jaw of the chuck to strike against, and then giving the 
belt a pull, catching the chuck on the jaw as above, stopping it 
dead, and letting the momentum of the lathe spindle and its load 
of pulleys and back gears start the chuck or plate. This is very 
bad practice and should always be avoided. Start the chuck by 
means of a lever placed between the jaws of the chuck, or 
between two bolts placed in slots or holes in the face-plate. PuU 
on the lever and the plate or chuck will start. If it should chance 
to be on extra tight, throw in the back-gear and put the belt on the 
largest pulley. Thus rigged, there will be little difficulty in hold- 
ing the spindle against the pull of the lever, the teeth of the back- 
gear are strong enough to stand the pull provided that the step 
pulley be not locked to the back-gear, which is one of the surest 
ways of breaking the teeth out of one or both of the gears. Hold- 
ig the spindle by means of the back-gears and the belt permits 
le spindle to yield a little when the lever strain comes on, 
irough a slight giving of the belt, 

Having put ihe chuck in place, take a grip on the outside of 
the collar, making sure that the jaws of Ihe chuck (if an inde- 
pendent chuck be used) are al! the same distance from the center, 
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which is determined by their distance from the outer edge of 
the chuck, or from any one of the concentric rings with which 
the face of the chuck is finished. These rings are for the purpose 
of centering the jaws whenever necessary, and they should 
always be made use of when putting work into the chuck. Of 
course if the chuck be a universal one, the centering business can 
be dispensed with and it is only necessary to put the work in 
place and screw up the chuck. Even then the work should be 
tested to see if it be centered truly, for sometimes there are 
lumps or projections on the surface which prevent the work 
from centering itself exactly. 

When such is found to be the case, it is necessary to pack 
under one or more of the chuck jaws, using thin metal strips 
or thick paper, until a bit of chalk held against the work while 
it is revolving will make a mark entirely around the surface. In 
chucking the collar above mentioned there were one or two rough 
places in its surface where a hammer had been used some time 
or other, and one of these places coming under the jaw of a 
universal chuck, threw the work out of round a trifle. It was 
not very much, but enough to spoil the accuracy of the work 
when a good job was necessary. 

By holding a bit of chalk against the surface of the work 
the high places can be easily detected and the chuck shifted 
accordingly. 

ACCURATE CENTERING. 

It is not possible to center as accurately as sometimes is 
necessary by using the chalk method, hence for extra nice work 
an "indicator'* should be used which will magnify the excentricity 
of the work. Such an indicator of the "home-made" variety is 
shown by Fig. 39. It is a very simple device and is easily made. 
Its principal parts are: A bar or shank, D, which fits into the 
tool-post the same as a tool would be placed, and the bar is made 
with a split end, hollowed out as shown by detail E, to receive the 
ball which is formed tipon pointer C at B. The enlargement B 
is placed in the hollow cavity in bar D, and the two act as a ball 
and socket joint in permitting free though limited motion of 
the pointer C, which, when in use, is placed with its lower end 
against the object to be centered, as shown at A. When this 
is done the revolution of the work, should there be any inequali- 
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ties in the surface thereof, causes the short arm to vibrate with 
the inequalities, and the motion being greatly magnified by the 
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Fig. is — C^nterini Indicamr. 

mg arm C, is rendered visible in a marked degree by the vJbra- 

The piece to be chucked being put in as close as the eye 
determine, the pointer is placed in position and the lathe 
.rted on a very slow speed. If the work be the least out of 
'tiuth. the long arm C will rise and fall with every revolution of 
Ltiie work and the workman has only to note the position of the I 
[Pim and move one of the jaws of the chuck accordingly. A very 
^Bttle practice with one of these indicators will enable a man to 
quickly cliuck a round piece of material with an accuracy which 
could never be even approached by the best lathesman in the 
country working without the indicator. 

The indicalor may be easily made by any blacksmith and its 
cost will be but a trifle, while its value is great. The device can be 
applied to inside as well as outside surfaces. In that case it would 
made to work in the top of the hole, while for exterior work it 
ifks as shown, against the bottom of the object. 

To true up work when an independent chuck is used — and by 
lependent is meant that the three or four jaws of a clutch all 
>rk independent of each other, each being controlled by a 
separate screw which is set up. as required, by means of a wrench 
rhich fits all the screws. The universal clutch, on the contrary, 
as many screws as ii has jaws, of course, but these screws are 
connected by means of a large conneciinp gear so that turning 
any one of the screws causes all of them to advance an equal 
distance. 

Some chucks, however, do not have any screws. Instead the 
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jaws are advanced by a sort of spiral which is placed just inside 
the face of the chuck and which may be rotated from either 
one of several places in the chuck. Other universal chucks 
have a shell which screws over the front end of the chuck and 
carries with it the jaws which hold the work in place. Both the 
independent and the universal chucks have their good points, 
and both should be provided as soon as possible by the smith- 
machinist who desires to do good work and lots of it at a low 
price. 

The large face-plate may be and should be made into a chuck 
by means of four movable jaws which may be bolted at will to the 
face of the chuck, forming a large independent chuck which is 
very useful in holding pulleys and similar work which will barely 
swing above the lathe bed. Bear in mind that the jaws of all 
good chucks should be made to reverse so as to hold a ring or 
pulley from the inside of the rim as well as from the outside 
thereof. Many good chucks are designed with this end in view. 
In selecting chucks pick out one of this kind, also see that it is 
adjustable for wear and that it is strong and well constructed. 

SETTING THE .STE.\DY REST FOR BORING. 

Place the work in the chuck as directed above, supporting 
it entirely by that means, provided the work is not so long as to 
pull out of the grip of the chuck by its own weight. Having made 
the far end of the work (the end farthest from the chuck) run 
as true as possible, proceed to put the steady rest in position as 
close to the end of the work as possible, and make sure that the 
bearers of the rest lie fair against the work before they are tight- 
ened into place. 

The surface of the work must be clean and smooth where 
the steady rest is to bear, otherwise good work is impossible 
under any condition. It is not possible to true up work in the 
steady rest by means of the center indicator, for this tool will 
not work unless the work be held in the lathe entirely by the 
spindle and its attachments (face-plates, chuck, etc.). Keep the 
bearers of the steady rest well oiled at all times when the lathe 
is running. The least stick, chatter or jumping between the 
work and the steady rest and good-bye to the possibility of 
decent work. 

When an object too long to be first supported and trued up 



THE SCREW-CUTTING LATHE, 



75 



by and from the face-plate or chuck has to be bored, then it is 
time to rig lip some other means of holding the work in the lathe. 
Bear in mind that a boring tool must project from the tool-post. 
a distance greater than the length or depth of the hole to be 
bored, and it will be seen that tlie limit in boring with an internal 
lathe tool is reached very quickly. Not over eight or ten inches 
overhang shoiild he permitted in any lathe a smith is likely to 
have in his shop. 

When a greater depth than lo inches must be bored, the 
process becomes what is known as "cylinder boring" and the 
work is made fast to the slide rest of the lathe and is moved 
forward against the tool by the same feed which moves the tool 
in ordinary outside turning. For this work a special tool is 
required which is known as a "boring bar." 

THE nORING BAR AND ITS USE. 

A boring bar, as usually made, consists of a piece of heavy 
fting the length of which is two and one-half times that of 
hole to be bored. Fig. 40 gives a general idea of a boring 
bar of this kind. Its diameter is i 15-16 inches, and the length 
about three feet. A hole over 22 inches can be bored with this 
tool, provided it is large enough to allow a portion of the tail 
spindle to enter, in which case that portion of the spindle which 







enters the hole can be considered as a part of the length of the 
boring bar, and must be so considered when figuring the length 
of bar necessary to bore a hole of given depth. 

The tool is simply a piece of round tool steel, ground to 
the required shape and tempered. It is held in place by means 
of 3 set screw which is shown at A. The bar is placed between 
the lathe centers and is rotated by means of a dog in exactly the 

; manner as if it were put- in (he lalhc to be turned. In 
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fact, the entire operation is exactly the reverse of turning, for 
the tool is placed between centers while the work is fastened to 
the slide rest. 

Still another form of boring tool is shown by Fig. 41. This 
is technically known as a "chucking tool" and really belongs more 
to the drill and reamer tribe than to the boring family. As 
shown by the engraving, this tool is a good deal tike the one 
presented by Fig. 40, save that the cutter is close to one end 
instead of being in the middle, and usually fastened by a screw 
in the end of the bar. I~ig. 41 gives a pretty good idea of this 
tool, and the method oi using it. 

THK "chucking" drill DORING BAR. 

The lathe chuck or face plate is represented by A, and the 
cylinder to be bored is shown at B, while C is the boring bar, D 
the cutter and E is a wrench to prevent the boring bar from 
turning around. A rest to support the wrench is shown at E, 
while G represents the tail spindle of the lathe. To operate the 
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device, the work is first chucked in the ordinary manner and 
supported by the steady rest, if necessary. The tool is placed 
central in the bar and screwed fast, then the wrench is slipped on 
the bar, which is placed against the tail spindle of the lathe which 
enters a center made to receive it. The wrench E, may either 
be a bit of flat iron bent up to fit the square of the bar, 
or made with a square hole wotked through it, is to prevent the 
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Fig. 41— "Oiuek Drill" 



ttr C from revolving with the work. The wrench bears upon 
Sie rest F, which may either be the ordinarj- wrench of the drill 
lathe or it may be a piece of iron placed in the tool-post and 
Mrned lengthwise of ihe lathe. In many instances the wrench 
' is made to be held directly in ihe tool-post, in which case it stands 
at right angles to the lathe bed. 

As shown by the engraving above referred to, and more 
r plainly by the detail. Fig. },j. the leading end of the cutter is 
rveled off a little and this beve! will become greater as the tool 
s ground Itnic after time. The center wliicb receives a projec- 
tion in the end of the boring bar is plainly shown at A and C, 
Fig. 42, while B shows how the clearance is provided for. To 
make these cutters they are usually turned 
in the lathe in order to make the center 
come true, after which they arc ground or 
filed off to give the necessary clearance. 

i tool, once started in a cut, will 
I straight through the work with very 
ttle variation from the direction in which 
e bar is pointed. A straight and very tnie 
pie can be depended upon when this tool is used, provided the tool 
t kept in good order and ground evenly when the least bit dull, 
^lese tools, for holes up to 4 inches in diameter, are usuall_\' made 
E steel Vt x i inch for the larger sizes, and H ^ i inch for the 
lualler sizes. The bar C, Fig. 41. is usually made of i-inch 
K|uare steel. 

PROPER SETTISC OF BORIMG TOOLS. 

The proper setting of the tool above shown needs no care, 
as it is automatic in that direction and centers itself. It does. 
however, point to the proper way of setting all internal tools, 
that is. to have them exactly radial to the center line of the 

I object to be acted upon. 
CUTTTNG INTERNAL THREADS. 
[ In internal threading the operations are the same as when 
Boring with the overhanging tool, but modified by the practice of 
external threading. In fact, internal thread cutting is a modifi- 
cation of the two operations above noted. There is one necessary 
requirement which must never be overlooked, and that is: the 
making of a generous "run-off" at the bottom end of the proposed 



78 THE SCREW-CUTTING 2-ATHE. 

thread into which cavity the tool can pass when it reaches the 
end of its travel. No good internal thread can be cut in the 
lathe without first making the run-off mentioned. 

REAMING IN THE LATHE. 

It is frequently necessary or desirable to ream holes which 
have been bored or drilled. To do this, either use one of the 
cutters shown by Fig. 42 or use a fluted reamer, placing the 
squared end against the tail center, and holding the reamer with 
a wrench fitted to the squared shank. The g^eat danger in 
reaming in the lathe is in the tendency of the reamer to become 
clogged as it lies down and the cuttings cannot drop out as they 
do when reaming vertically. However, with a little care in 
feeding up the reamer, and with frequent stoppings to clean out 
the cuttings, excellent results can be obtained by reaming in the 
lathe as described. 



CHAPTER X. 



THE FACE-PLATE. 



The face-plate of a lathe has two principal l 



First, for 




■iSmparting motion from lathe spindle to whatever work may be ■ 
between the lathe centers. That is one office of the face-plate. 
The other use is for snpporting work which is large in diameter 
and usually of little length. For the two purposes above noted, 
two face-plates are usually sent out with a lathe — sometimes 
three — a small plate with a slot for the tail of a dog, a large plate 
as big as can be swung over the ways of the lathe and a driving 
face-plate. These articles are usually about as shown by Figs. 
43. 44. 45. 46- The small face-plate, Fig. 43, has a slot cut in one 
*ide from the ei\^r clcnr down to the hub. This slot is for the 
— ., tail of the dog which is to drive the 

work when bet ween-c enters jobs are 
liL'ing done. The small four-arm face- 
|;!ate, Fig. 44. is for the same purpose 
with the additional use of permitting 
small work to be bolted on with two 
or four bolts. This is a very handy 
feature when some jobs have to be 
le and it saves drilling holes in a solid face-plate to accommo- 
the special work. 

For large work, the big face-plate. Fig, 
^5. is indispensable. .\l\ sorts of jobs may 
be clamped upon it by llie use of some bolts 
and a few pieces of flat iron, as will be des- 
cribed later in this chapter. This face-plate 
is made as large as will swing in the lathe and 
great care should be taken that it does not pi^, 4^—Vri^ne Face- 
get abused by tool marks, chisel cuts or other '''*"- 
careless earmarks of shiftlespness. Great care should be taken 
when putting the large face-plate on the spindle, that the latter is 
not bent by careless screwng on of the heavy face-plate. .\s stated 
in a previous chapter, great care should be taken in screwing a 
79 
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heavy chuck in place, for. if belt power be used to screw on the 
chuck or face-plate, it will usually bring up in place with a jerk, 
which, if it does not spring the spindle, will certainly cause the 
chuck to stick so tight on the spindle that it is very hard work to 
get the chuck off again. Furthermore, screwing the plate upon the 




spindle excessively tight is very likely to cause the plate to wobble 
or otherwise run untrue. It is always best to pull on the belt 
with the hand, when a large face-plate or chuck is being screwed 
home, and just barely bring the plate hub against the shoulder 
of the spindle, A plate put on every time in this manner will 
always run true and the spindle of the lathe will stay in fine con- 
dition a long time. 

The "smith-machinist" will do well to get up a pattern and 
make up several small face-plates like Fig. 43. These plates 
are very handy things to have, and they may be made into special 
chucks for some kinds of work which the smith finds will come 
along frequently. A pattern of the large plate is also desirable, 
for a very handy independent chuck can be made up on one of 
the large plates, which once rigged should be kept for a chuck 
and not used for anything else. 

When putting on a face-plate or a chuck, certain things 
should always be done, among which are: Be sure to remove 
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k center from the spindle whenever any job is to be done which 
toes not require the center for the support of the work ; also when 
drilling is to be done by means of a drill attached to the tool- 
post or to the tail stock, be sure to remove the center from the 
spindle This center is technically known as the "live" center to 
distinguish il from the center in the tail spindle which is known 
as the "dead" center. As soon as the center is removed stuff a 
wad of waste into the taper hole and let that waste stay there 
until the center is to be put in again. This keeps all the metal 
chips out of the hole and makes easy the replacing of the center, 
for il is only necessary to pull out the waste and the hole is bound 
to be clean and all ready for the insertion of the center. 

The spindle is hollow, so always keep a rod handy for pok- 
ing out centers, drills, etc. Forge a head 2 inches in diameter 
on one end of the ro(i and let the rod lie in the spindle unless its 
rattle when the lathe is running proves to be disturbing. With 
the rod in (juestion the wad of waste can be pushed out and the 
spindle is all ready for the center, without any time being spent 
digging out dirt or scale or lathe chips. 

^h "CHl.'CKINO" WORK IN THE LATHE. 

^V The machinist has some queer technical terms which he uses 
lit his business and the smith has a few of his own which are 
as strange to the machinist as machinist terms are to the smith. 
For instance, everything which is put into the lathe to be oper- 
ated upon is known as "work," and if the object is bolted to the 
face-plate it is said to be "chucked." When a hole in the "work" 
is to be cut out larger by means of a tool in the tool-post the 
operation is called "boring." If a hole is drilled to any given 
diameter, and the machinist passes another drill a size larger 
through the hole, the second operation is not "drilling." instead. 
it is technically known as "reaming," for the larger drill merely 
reams a little off the walls of the hole already made. 

Suppose that in the course of work with the lathe it becomes 
necessary to fit up some new shafting and pulleys, and that a 
certain pulley could be used provided it had a little larger bore. 
The sizes of shafting run 1-16 inch less than even inches and half 
inches, for instance, 15-16 inch. 1 7-16 inch, i 15-16 inch. 2 7-16 
inch. 2 15-16 inch, etc. The reason for this strange size is that 
when square shafting was abandoned only forty years ago, and 
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round shafting came into use, every machine shop had to make 
its own shafting, so they bought i^-inch, 2-inch, 2j4-inch iron, 
etc., and turned their own shafting. It required 1-16 inch of metal 
for the finishing process, hence the odd sizes of shafting which 
remain in use to-day and which are here to stay. 

But suppose that a 22 x8xi 7- 16 inch pulley needed to have 
the hole in the hub increased to i 15-16 inch. The first operation 
will be, as the machinist expresses it, to "get it in the lathe." 
The machinist never "puts" a thing in the lathe; he "gets" it 
there. And about that pulley: in describing any pulley, always 
state the diameter first, then give the width of face, next the 
diameter of bore of hub, then state whether the face is flat or 
crowned; lastly, tell whether the pulley is set-screwed or key- 
seated, or both. In making a schedule of pulleys it will run 
something as follows : 

I pulley 22x8 x I 7-16 inches C. K. S. (crowned face, key- 
seated). 

I pulley 22x8x I 7-16 F. S. S. (flat face, set-screwed). 

1 pulley 22 x 8 x I 7-16 inches C. K. S. S. & K. (crown face, 
key seat and set-screwed and key). 

2 pulleys 22x8x I 7-16 inches C. S. S. T. & L. (crowned, 
set-screwed, tight and loose). 

In this description the statement that the pulleys are crowned 
face is entirely unnecessary, for the reason that tight and loose 
pulleys for a shifting belt are invariably made crowned face. 
Two ordinary pulleys will not answer for tight and loose pulleys, 
as the hub of the loose pulley must be in length equal to the 
width of face of pulley at least, and as much longer as possible, 
depending upon the diameter of shaft. In all cases the length 
of a loose pulley hub should be four times the diameter of the 
shaft. The above description, while not relating strictly to the 
lathe and its use, is something which the machinist-smith should 
know, and as the best time to learn new things is the present 
time and minute, therefore the facts are stated at this time, 
somewhat out of their logical precedence. 

CHUCKING A PULLEY. 

The object in "chucking" a pulley is to fasten it to the face- 
plate of the lathe in such position that the rim of the pulley will 
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1 perfectly true, which means that each and every portion of 
Sie pulley face is the same distance from the center of the pulley. 
If there is at hand a short piece of shaft with a center at each 
end thereof the chucking problem is an easy one and all that i? 
necessary is to put the hit of shaft between centers with the pulley 
shaft upon it. Then slide the pulley up to the face-plate and 
clamp the pully thereto by mraris of ?evernl bolts. Fig. 46 will 
give an idea of tile « ; i 




Three or four bolts may be used (the illustration shows 

fee), each long enough to go through the face-plate with a nut 

and washer on the back thereof, and to project about one inch in 
front of the pulley. The bolts, P., B, B, are passed through the 
iron straps. A, A. A, which may be 2 inches wide. ^•4 inch thick, 
and 6 to 8 inches long, with a hole drilled through large enough 
to easily pass one of the bolts. .M C. C. C are shown pieces of 
material in length equal to the width of the pulley face. Hard- 
wood will answer very well, or short pieces of bar iron may be 
used. Every lathe should have a number of such pieces, sawed off 
square, and a certain number, say four of each, cut to the same 
length. A set may he made 4 inches long, another set 5 inches 
long, another 6 inches, and so on. as required. One-inch square 
iron of fair quality is cheap, and lengths may be cut ofif as needed 
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until a full graduated series of lengths has been provided. 
If you have a set of 8-inch bars, and require some 7-inch, do not 
cut off the 8-inch ones. Instead, just cut off another complete 
set of the required length and put them in the tool rack when 
done with them. They will come in handy, time after time. The 
first use pays for them, the next and succeeding uses is clear 
profit. 

When a very heavy pulley is to be chucked considerable more 
holding power may be obtained from the bolts by making the 
holes in the clamp-bars, A, Fig. 46, in such a manner that the 
bolts come close to the pulley rim. About double the holding 
power is obtained from the bolts by so doing. 

After the pulley is clamped fast as described above, push 
back the tail-stock and remove the short piece of shaft from 
the pulley. Also remove the head center, plug the hole with a 
wad of waste, and go ahead with the boring-out process. When 
there is no piece of shaft available, place the pulley as near cen- 
tral as possible, then proceed to center it as directed in Chapter 
IV, using the chalk or the center indicator, if one is at hand. 

CHUCKS vs. FACE-PLATES. 

A large chuck is a fine thing for the smith to have in his 
little machine shop, but chucks are very expensive things and not 
one smith in one hundred will feel able to put up $200 or so for 
a large chuck. Such being the case, an excellent substitute for a 
large chuck may be made by the smith for one-tenth the sum 
named. Procure or make another large casting for a face-plate, 
similar to that shown by Fig 45, except that there shall be no 
slots made or cast in it. The face of the plate shall be turned 
smooth and true, then drill rows of holes, as shown by Fig. 47, 
also draw circle within circle on the face until the entire surface 
is covered with circles one-half inch apart. 

The circles are very handy when chucking an3rthing that 
may have' to be put into the lathe, as the face of the object need 
only be brought to one of the circles, or equally distant all around 
from one of the circles, to be approximately centered ; quite near 
enough to begin on with the chalk or indicator. 

To make the very handy chuck shown by the preceding 
figure it is only necessary, in addition to the face-plate, to make 
up four bolts and screws, as shown by Fig. 47. For a 24-inch 
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face-plate the head of the bolt may be i.'-i inches square and the 

bolt should be about 1 inch in diameter, or to fit the holes in the 

e-plate. The screws should be about 3 inches long, 34 inch 

I diameter, and the threads should be removed for at least Vi 







nch at the point to prevent upsetting of the screw in such a 
manner that it cannot readily be backed oiit of its nut. Some- 
,|iines a very fine adjustment is needed, and to obtain it a check- 
may be placed on each square nut next to the point of the 
By setting up the check-nut a little stack may he taken 
'otrt of the thread in the nut and a much finer adjustment given to 
the work than is possible with the plain screws alone. The check- 
nut shown may be omitted if there is no room for it. or, if used 
i^or locking only, it may be placed between the nut and the 
~ of the screw. 

It is usual when using a face-plate chuck of this kind, and 
well witli any other chuck, to reinforce the holding power 
of the adjusting screws (Fig. 47) by two or three bolts and 
clamps to hold the work against the face-plate and to furnish the 
necessary driving power, thereby relieving the adjusting screws 
of that work, making it necessary for them to hold the side 
adjustment of the 'work only. 
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The chuck bolts shown may be used either outside or inside 
the work as desired, by simply reversing them and pointing the 
screws in the other direction. By thus arranging the bolts a 
pulley fully as large as the face-plate may be chucked with per- 
fect ease, the adjusting screws bearing outward from the inside 
of the pulley-rim, instead of inward, as shown by Fig. 47. For 
holding irregular work in the lathe these bolts leave nothing to 
be desired, and by means of these adjusters and the clamp bolts 
it is a mighty obstiriate bit of work which cannot be held to the 
face-plate of a lathe. 

CHUCKING WITH WOODEN SHAPES. 

When very peculiar shapes require chucking, particularly 
where there is no flat surface to work from, it is sometimes 
necessary to use a piece of wood between the work and the face- 
plate. Proceed to select a bit of wood — soft wood if only one 
or two pieces alike are to be chucked and hardwood if a con- 
siderable number of pieces of work are to be operated upon — 
then proceed to cut out such portions of the wood as will let the 
shapes lie upon the face-plate in the position in which it is re- 
quired to bore the hole. When the wood has been fitted place the 
work in place and hold by bolting, or by the use of clips in the 
way already described. There is no end to the way in which odd- 
shaped pieces of metal may be fastened and placed in position 
for working in the lathe. A little ingenuity is all that is required 
by the smith to handle any case of this kind which may come 
along. 

Sometimes, for very obstinate cases, calcined plaster is used 
for holding the work in place. In this case the plaster (ordinary 
plaster of paris) is mixed pretty thin with water and, after the 
metal has been blocked, propped or wedged in position, the plaster 
is poured over (and under) the work, giving it a perfect bearing 
upon the face-plate. This is an excellent way to support thin 
metal plates when work is to be done on them in the lathe. The 
plaster will hold them without a tremor when the tool comes 
along. 

When it is desirable to hold very small pieces of metal in the 
lathe and to fasten them firmly and quickly, also to be able to 
just as quickly remove the pieces from the lathe, a face-plate 
covering with sealing wax will do the business. Coat the wax 
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over the plate as needed, letting it get from J/^ to J4 inch deep 
as necessary, keeping the plate warm by means of a hot iron, a 
lamp or some other arrangement, then press the piece to be 
chucked right into the wax until it is in the position desired as 
regards being central, etc. 

A most excellent way of centering small pieces which are 
to be held as above is to heat the wax just hot enough to stick 
firmly to face-plate and to the work, and yet allow the latter to be 
moved slowly in any direction. Then, while the wax is in the 
condition above noted, press the work one way or another until 
it is centered as desired. If it be a small finished flange, which 
it was not thought best to run the risk of scratching or springing 
in a chuck, and there was a hub or other projection, just stick 
it on the wax, then nm the slide-rest up to the work, clamp the 
tool-post, and with a stick or a smooth tool hold the work in 
the desired position while the wax cools, the lathe revolving 
all the time while the wax is cooling. 

The above-described method of chucking is frequently used 
by watch repairers for holding in the lathe small wheels or gears 
with the pinions and shafts all in place. The method is just as 
useful to the machinist as to the watchmaker, and there is no 
limit to the size of objects which may be chucked in the manner 
described. To remove the work heat the wax and the metal will 
readily separate from it. Frequently a smart tap with a hammer 
will free the entire object from the wax. If some of the wax 
adheres to the metal a little gasoline and a brush will quickly 
clean the metal surface. 
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BORING IN THE LATHE. 

A short description of the boring bar and its use was given 
in Chapter IX, and a simple form of boring bar was shown by Fig. 
40. Several sizes and lengths of this useful tool should be made 
up by the smith-machinist and will be found very useful and 
paying investments. The bar shown by Fig. 40 requires a ham- 
mer adjustment when the cutting tool has to be set out to a 
greater diameter. For most kinds of work this form of adjust- 
ment will answer every purpose, but when dealings with very 
large bars a better form of tool adjustment is necessary, in which 
case a collar may be placed over the tool as shown by Fig. 48 
and the tool forced out at will by means of the set-screw shown 
in the engraving in question. 

An ordinary collar is used, the usual set-screw being replaced 
by one long enough to reach through the shaft as far as the cut- 
ting tool. It is well to make the collar at the same time the 
shaft is made so that the hole for the tool may be drilled with the 



Fig. 48— Boring Bar Tool Adjustment 

collar in place. Drill the tool hole through one side of the collar 
and completely through the boring bar, but not through the re- 
maining side of the collar. Instead, finish this hole with a "tap- 
ping drill" — ^that is, a drill which is just large enough to receive 
the tap for a set-screw of the required size. If an ordinary 
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d collar is used the holes above mentioned may be drillerl 
it angles to the regular 5el-screw hole, but if the collar 
be made after the boring bar has been finished, a little figuring 
must be done to get the tool hole in collar exactly in line with 
the tool hole in the boring bar. 

An ordinary cast iron collar may be used as described 
above, but it makes a pretty brittle member and it is much better 
to forge a good steel collar and bore, turn and drill it to fit 
the particular boring bar it is intended for. These adjusting 
collars can only be used on holes of considerable size where there 
is room enough to admit the boring bar and collar also, but for 
making large holes these collars will be found most excellent, not 
only for tool adjustment to a nicety, but for supporting the tool 
Kgfi well. The collar provides a bearing for the tool much closer 
■p the cutting edge than is possible without the collar. 



■ BORING SMALL CYLINDERS, 

The smith -machinist will fretjuently be called upon to repair 
small cylinders for steam engines, pumps and possibly for auto- 
mobiles, but beware of the latter work unless it is done by the 
hour, and under no circumstances assume the risk of making 
certain automobile repairs for a lump sum. At present automo- 
biling is a luxury, therefore let repairs to those machines be 
a luxury also, for ibose who own autos are. or should 
be, abundantly able to pay weU for repairs. 

Certain en^nes in use for small power units have their 
valves made in the form of pistons, operating in cylinders of less 
diameter than llie cylinder of the engine. Whenever valves of 
this type become leaky, about the only remedy is to bore out the 
valve cylinder to a diameter which will remove all the large places 
and leave a true cylinder in place of the locally worn mechanism. 
The same is true with certain pump cylinders, both power and 
hand pumps, some types of which have a small, short iron 
cylinder in which the lifting valve moves. 

I MOUNTING THE CVLINDER. 

A cylinder of this kind, as well as a valve cylinder, or even 
main cylinder of a small engine, may best be made true in- 
side by reboring in the lathe. If the character of the cylinder 
is such that it cannot well be fastened to the face-plate of the 
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lathe, then mount it on the slide rest and bore a 
scribed. 

Fig. 49 shows one of the many ways of mounting a i 
cylinder upon the face-plate of a lathe. Bolts and bands are all 
that are necessary, but considerable "know-how" is needed to get 
the cylinder in just the right position. Aside from the bolting 
there is the turning of the cvlinder in two ways, so that the bore 




of the cylinder nms true and so that the flanges do not 
vibrate endwise of the cylinder in the least. After the 
cylinder has been bolted as closely as possible in a central posi- 
tion, put the chalk at work on the surface B. and make the 
sides of that space run as true as possible. So true, in fact, that 
no variation whatever can be detected. 

It is also necessary that the flange C be so mounted or caught 
by the bolts that there is no danger of the flange being spnmg. 
To this end, look closely at C. with the eye exactly in line with the 
flange, and see if there is the slightest wobble or "weave" of the 
flange to be detected. It is the inner bore A which is to be turned 
out, but the tool and the work must always be set by the surface 
B, which is a fraction of an inch larger in diameter than the main 
bore A. This enlargement of the cylinder is called the "counter- 
bore" and is always found in cylinders of well-constructed en- 
gines. The cylinder head seats itself in this chamber, therefore 
the reboring of the cylinder does not alter the fit of the heads. 
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Vhen 3II the shoulder has been removeH between A s 
i limit of reboring has been reached. 

A little thinking will show that the cylinder can be so bolted 

that one of the flanges, say at D, may be bent or sprung a trifle 

' by uneven tightening of the bolts. It is also evident that the 

bending of one of the Ranges might, and probably would, pull the 

counterbore B a little out of line to one side, so that the end D 

I of the cylinder would be out of center and the new bore of the 
^linder would not coincide with the counterbore at D. end of the 
cylinder. This is one reason why face-plate cylinder boring is 
Bot very desirable ; it necessarily being impossible to caliper the 




so— Cylinder MODDtcd on Slide ResL { 1 

flaiige D counterbore at the same time flange C is calipered. 
Therefore it is desirable to mount the c\bnder for boring in 
such a manner that both ends ma) be gotten at for calipering. 
Hence the necessity for mounting the cylmder on the slide rest 
Las shown by Fig, 50. 

In this engraving it will be seen that the cylinder is placed 
lipon two pieces of wood which have a circular place cut to fit 
The circumference of the cylinder. Thn cuts are deep enough to 
went the cylinder from rolling and at the same time to give 
^ring surface enough that the strain of the bolts does not dis- 
tort the cylinder. Sometimes it is advisable, for this reason, to 
tunt the cylinder, by the flanges. Iii other cases even this will 



92 THE SCREW-CUTTING LATHE. 

not do and the "plaster of paris" method is employed as described 
elsewhere in this chapter. 

It is assumed that the cylinder will stand bolting, and the 
4x4 inch blocks are cut to fit the cylinder, and also the cuts in 
the lower pieces are made just deep enough so that the center of 
the cylinder will coincide with the center of the lathe. Some- 
times more than one trial is necessary to get the bottom blocks 
cut deep enough, but a little measuring will enable them to be cut 
deep enough without much trouble. It is well to cut deep enough 
so that the cylinder will lie a little too low, then build up to the 
desired height with sheet iron, paper or similar substances. 

It will be noted that the bolts which hold the blocks and 
the cylinder are slipped into slots in the slide rest. If these slots 
are not present some other means of fastening the cylinder must 
be studied out. Frequently four bolt holes drilled and tapped 
into the slide rest will do the business. Centering sidewise must 
be done by means of slotted holes in the blocks above mentioned, 
and if the measurements are carefully made and followed there 
will be little or no need of much slotting of the holes mentioned. 

CENTERING THE CYLINDER. 

Once the blocks are in place and the bolts tightened with the 
fingers procure a pair of inside calipers and proceed to adjust 
the cylinder centrally with the boring bar which has already 
been put in place between the lathe centers. Fig. 50 shows 
in a general way the method of fastening and calipering the 
cylinder, and Fig. 51 gives a more detailed idea of the proper 
way to perform this important operation^perhaps the most im- 
portant one of the whole, for if the cylinder is not very accu- 
rately centered with the boring bar all subsequent operations will 
be of little value because the entire engine will be out of line when 
again assembled, unless the new bore of the cylinder is exactly 
true with the counterbores at either end of the cylinder. 

With the calipers as shown by Fig. 50 measure the distance 
on top of the boring bar between it and the top side of the 
counterbore, then, without changing in the least the distance in 
the calipers, measure between the bar and the bottom of the 
counterbore. The measuring should be done with the calipers 
held exactly vertical, something as shown at B and in D, Fig. 
51. If the measuring is done in the directions shown by the 
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letters in question, theti any vertical adjustment which may be 
made to the cylinder will not affect the lateral adjustment. 
Should it be found that tlie calipers as adjusted at B will not fill 
the space D, then the cylinder must be raised slightly by packing 
under one or both of the wooden blocks by which the cylinder is 
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fastened to the lathe. After a reasonably close adjustment is 
made as above directed, proceed to caliper the spaces A and C 
and equalize them in the same manner, moving the cylinder side- 
wise by means of the slots in the wooden blocks, already de- 
scribed. 

It is always well to make a rough adjustment, sav within 
l-l6 inch in both vertical and horizontal directions at either end 
of the cylinder before attempting the finer adjustments, In 
fact, this rule should always be observed. If the cahpering be 
done as nearly vertical and at right angles thereto as possible the 
adjustment will be much more simple than if the calipering be 
done at E and F, for tlie reason that the calipering should be al- 
ways done in the line of possible adjustments, which are verti- 
cally and horizontally with the cylinder- fastening arrangement, 
used in this instance. Were the cylinder held at any other angle, 
then the calipering should be done at that angle and perpendic- 
liar thereto. 

THE CALIPESINC. 

Calipering, in itself, is almost an art. Upon it depends the 
accuracy of almost every machine-shop operation. To do good 
calipering requires long practice and the use of brains. A few 
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fundamental directions only can be given here regarding a mat- 
ter which should have an entire chapter devoted to it, but the 
matter is so extensive that it must be treated elsewhere. To be- 
g^n with, always hold the calipers lightly yet firmly, and hold 
them in a vertical position. Fig. 52 shows that the calipers must 
always be held straight away from the center of a shaft when 
calipering anything outside of that shaft, and the same holds 
good when calipering the inside of a hole. In a round hole 
the calipers must pass through or toward the center ever>' time, 
and invariably they must stand at right angles to the surface 
which is being measured from, and this is true no matter whether 
the surface is flat or curved. 

But there is another direction in which the calipers can be 
wrongly held, and which will give incorrect readings to the meas- 
urement This way is shown by Fig. 52, the incorrect method 




Fig. 52 — Bad and Good Calipering. 



being shown at A, the correct method at B. In this, as in Fig. 
51, the points of the calipers must stand vertical (perpendicular) 
to the surface to be measured from. In other words, the caliper 
points must stand "straight up" from the surface which is being 
calipered from or to. It is readily seen that the distance A 
shown by the calipers is greater than that shown by B, hence if 
one side of the cylinder is calipered to the boring bar Hke A, and 
the other side be calipered like B, then the boring bar will not be 
in the center of the cylinder, no matter how much calipering is 
done. 
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When very thin cylinders have to be chucked, and when the 
mps might spring the walls of ihe cylinder out of shape, then 
; well to mount a box on the slide rest as shown by Fig. 53, 





%lock the work in exact position, tlien pour in plaster of pans 
(calcined plaster) until the work is covered. The plaster will 
hold the work seairely, but no adjustment can be made except by 
moving the box and blocks bodily, vertically or laterally. When 
very thin shells are to be bored, like pieces of tubing, the cutting 
action of the tool frequently causes the sides of the tube to spring 
or buckle, resulting in a very uneven bore. This tendency to 
distortion is cured by the plaster backing, which holds the work 
most securely. When such thin pieces are to be bored or turned 
a small stream of vvater should be made to rim over the cutting 
edge of the tool continually while the tool is at work. A small 
pipe leading into the hole to be bored will serve to conduct 
the water to the working point. A very small stream, scarcely 
larger than a needle, will prove amply sufficient for this purpose. 

CUUCKING WORK WITH PLASTER. 

When mixing plaster for setting a cylinder do not be afraid 
of getting the mixture too thin. Thick stuff like mortar will not 
answer tlie purpose, although a very small portion may be mixed 
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to that condition and used to plaster up the outlets in either end 
of the box around the flanges of the cylinder. When there are 
considerable spaces to be filled, and plaster is scarce, build up a 
little wall with pieces of iron, nuts, bits of scrap, or any bits of 
metal which come handy, using thick plaster as mortar and the 
bits of metal as bricks. Indeed, pieces of brick may be used 
to advantage for this purpose, their only object being to save 
plaster in closing the end openings. 

With every opening closed except at the top, mix the plaster 
thin like cream, and pour it into the box until the cylinder is com- 
pletely covered. If the plaster does not readily run into every 
crack and crevice, then the mixture is too thick and will not do 
a good job. Mix the plaster by pouring plaster into water, stir- 
ring smartly all the time. Do not try to mix by pouring water 
into a box of plaster. 

When an ugly job has to be supported on the face-plate 
of a lathe, plaster can frequently be used in connection with a 
few bolts, the latter serving to anchor the work so that it can- 
not get away ; then build up under unsupported parts with plaster, 
which for this purpose should be mixed thick enough to "stand 
alone." If, for any reason, there be required considerable time 
for the adjustment of the work while the plaster remains soft, 
then mix with vinegar instead of water, or put a lot of acetic 
acid into the water used for mixing the plaster. This substance 
delays the setting of the plaster and gives a chance to use it like 
putty for a considerable time, whereas if mixed with water it 
would have been set solidly in a fraction of the time. 

TOOLS AND "jigs." 

The lathe in itself is a most useless appliance. It can be 
used only as a convenient means of applying to work a number 
of tools and "jigs." Nobody can do any work with a lathe. 
That machine would stand idle forever were it not for the little 
tool which gets busy with the metal placed between the lathe 
centers. Take this view of the case, Mr. Blacksmith, and 
don't rely upon the lathe for an increase in your business. In- 
stead, just get busy and devise a lot of special tools which you 
can use in the lathe in order to turn out lots of work. 

Doubtless you have a power drill in the shop, or will have 
as soon as the lathe is set up. It is too bad to do drill work in a 
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»od lathe — too big a club to kill a little mosquito with, but drill- 
'ing caJi be done in the lathe — lots of it, and good drilling, too. 
Some chucks will be required for holding the drills, and you can 
buy any one of half a dozen good makes of drill chucks, or you 
can make some excellent drill chucks and fit the drills to them. 
No matter whether the chucks be made or bought, make 
them interchange between lathe and drilling machine. It only 
requires a ver}- simple tool like that shown in Fig. 54 to do the 
business. A bit of steel shaft turned to fit the taper hole in 




indie of lathe or drill, then if it be for the lathe, put it in place 
t the spindle and proceed to drill the hole to fit the .shanks of 
! drill to be used. If there are several sizes of shanks, make 
I many chucks as there are sizes. If the drill or lathe be pur- 
ised from the maker, have the hole in spindle of each made 
'^to suit your requirements, and if the holes are not alike after 
the machines arrive in the shop it is often possible to make a 
reamer to fit the lathe spindle taper and ream out the hole in 
drill to the size of hole in latlie spinde. 

When it is not convenient to do the reaming act. make two 
special chucks, one for drill, the other for the lalhe, and ream 
each to fit the other. By so doing all the tools for either drill 
or lathe are at once made interchangeable and may be used at 
will in either machine. 

It is necessary to provide chucks for holding large drills and 
small drills also, and a very good way to do it (if store chucks 
are ont of the question) is to make a small chuck for the little 
drills and fit the small chuck right into the big chuck 
<hown hv Fig. 54. This settles the interchangeable matter 
at once, and it is a very handy way for the reason that 
^yhcn a small drill and a large one are to follow each other in 
B it is not necessary- to remove a taper shank chuck from the 
All that is necessary to make the change is to loosen the 
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set-screw in chuck (Fig. 54), remove small drill chuck and put 
in large drill. It is presumed that the drills and the small chucks 
all have straight shanks, while the holes in drill and lathe spindles 
are tapered. 

The smith should use "jigs" in lathe work or in drilling, 
whenever possible. A "jig" is a simple device for holding work 
while a tool is acting upon it and should be so constructed that 
the different pieces of work acted upon while in the jig will all 
interchange with each other as far as the work done is concerned. 
For instance, should it become necessary to drill holes exactly 
similar in size and location in the ends of many pieces of bar iron, 
say }i X lyi inch for a fence, a jig should be used by all means. 
It would not pay the smith to lay out all the holes with center 
punch, hammer and rule and then drill each hole to the mark 
thus made. That would be "making" the fence. The smith should 
"manufacture" the fence, therefore he selects three or four bits 
of iron, drills a few holes in them and arranges stop pins and a 
clamp bolt to hold the pieces of iron under a guide hole (steel 
bushed if many holes are to be drilled), which causes the holes 
to all be located alike. This is a "jig/' 
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TURNING WOOD IN THE IRON WORKING LATHE. 

The average machinist is not a phenomenal success as a wood 
~umer, and it is not to be expected that the smith has extraordi- 
nary latent talent in that direction, still, by the use of a small 
amount of brain matter both the machinist and the smith will be 

tFig. is— 
■n out almost any job which may come along. Do not 
get the idea that wood can be profitably turned with ordinary 
lathe tools. It is true that a piece of wood may be turned to 
any desired size and shape in the lathe, exactly as a piece of iron 
is turned, but it is not profitable to do so. 

Wood turning requires a much higher surface velocity than 
metal turning, and the average screw-cutting lathe is not speeded 
fast enough to do good wood turning on very small diameters. 
Even the highest speed used for filing, polishing or drilling is not 
fast enough for working wood of the same diameter, therefore, 
if the smith desires to add wood turning to his machine work, 
a special pulley must be provided in order to give the necessary 
speed. In tact, for turning wood shapes from one to two inches 
in diameter the lathe spindle should run about i,ooo revolutions 
to the minute. 

For turning rolls five or six inches in diameter the iron- 
ivorlcing lathe answers very well, and the speeds can be adjusted 
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to suit. The great secret of wood turning is to cut the wood, not 
to scrape it, as most machinists and patternmakers do, as the 
writer is forced to testify. Nine men out of ten, in attempting to 
cut a piece of wood in a lathe, will present ihe tool as shown by 
Fig. 55, so as to take a scraping cut, when Fig 56 showa.| 




proper way. "Don't scrape ii joii waul 10 turn" is the propw 
maxim for the wood turner, be he machinist, smith or any other 
man. 

For roughing out rtork. say for large roIU or any other jobs 
whicii have considerable straight surface, the tool shown by Fig. 
57 is the proper one to u';e The diameter of tlie bend m;^ 




Fig. S7— Slide Resi V 

larger or smaller, according to the size of the work to be done. 
Bent arouncl a ^-inch rod gives a tool suitable for rolls of 
4 inches to 8 inches in diameter, and by bending around a 2-inch 
form a tool will be secured which gives satisfaction on work up to 
24 inches to 36 inches in diameter. In bending the tool, also in Us. 
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gi"g. great care should be taken that the outside of the bend 
ist right angles ( square ) with the top and bottom edges of the 
^L it is not the inside of the bent portion which should be 
: thus square, but tiic outside portion. 
Fig. 58 shows the method of grinding this form of tool. The 
face, n C, comes next to the work and is made square with ihe 
length of tool as above, and the cutting is done at C. When 
[rinding is necessary it is done at C, until the face B C is gradu- 
Dy worn away to the line A B. This is about as far as 
pinding can be carried, and a new tool should be made 
len the wear approaches this line. The inside of the tool 
r ground. It is filed up when the tool is made, he- 
Is hardened and finished with an Arkansas slip, Thi; 
milh should have several of these very useful stones. They 
,11 sorts of shapes and sizes and may be obtained 
from any dealer in hardware and tools, A couple of round l!^,,,?,^. 
.slips will l)e necessary for whetting the tool shown by Fig, ^"^ 
57 ; one stone J^ inch in diameter and another t inch '^*''- 
through will answer. If a |^-inch .'itonc be also added the variety 
will be as great as will likely be called for. The smith can also find 
use for a three-cornered stone, one with a knife edge and two or 
tliree flat stones of different widths and thicknesses. They are 
very handy things to have and cost but a trifle. 

When the too! shown by Fig. 57 is used for turning rolls it 
should be set square against the wood and made to take a cut 

» either direction. That is, do not run the carriage back by 
id. but reverse the feed and make the tool cut on the return 
I also. ■» ; 

IDI 
The tool shown by Fig. 57 is an all-aroimd tool which may 
be used for almost any straight outside work. As for inside 
work in wood, there is very litde of it which the smith will ever 
be called upon to do. Perhaps the making of roils for moving 
houses will call for a hole through the center of each roll in order 
that ihe seasoning of the wood may not crack the outer surface 
^1 of season checks. A small hole through the center or axis 
t'tiie roll will prevent prevent this, and the hole must be made 
I the roll is turned. 



Ude akd outside turning tools fob slide rest wood 
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For tlie puqiose noted above nothing is better than the 
old-fashioned "pod auger," as shown by Fig. 59. This to ol b 
easily made by the smith, and the size may vary from 1 i 







diameter to even 6 inches if pump logs have to be bored. This 
tool is easily made by welding a bit of steel to the edge of a piece 
of flat iron, and then plating out and forming up as shown by the 
engraving, after which the tool is welded to a roimd shank of 
sufficient length to reach through the longest piece to be bored, 
and with additional working length to permit of its being held 
in a chuck. 

There are two methods of using tools of this kind : one way 
is to catch the shank in a chuck placed in the tail spindle, and 
mount the roll on the face plate or in another chuck. When this 
is done the free end of the roll is usually held by means of a 
hollow center, the diameter of which is the same as that of the 
pod auger. The hollow center is placed in the tool post and the 
slide rest brought up and held by means of the lead screw. The 
hollow center furnishes a support and guide for the auger. 

The other way is to mount the roll in V notches (blocks 
of wood placed across the ways of the lathe) and put the auger 
shank in the spindle chuck. In this case the roll is fed against 
the auger by means of the tail spindle and a block of wood should 
be placed between to prevent damage between auger and tail 
spindle. 

TURNING UP PATTERNS. 

A considerable amount of pattern work must necessarily be 
done by the smith if he expects to do any machine work. Fre- 
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quently 2 good deal of machine work can be avoided by a skilful 
arrangement of the pattern, and many patterns must be turned 
lip in the lathe, and tools and the "know-how" are necessary for 
this kind of work as well as for lathe work. 

Probably the smith is well acquainted with the "dog" used 
by wood turners for holding work in the lathe. Fig. 60 represents 
the most common variety, which is made by turning up a shank to 
fit the lathe center, drawmg the end to a wide V shape, and then 
filing at A and A so a.s to leave a central point and two wedges, 




one on either side of the point. This is used as a live center 
and is driven into the wood sufficiently to rotate it. 

An ordinary center is used and the rig is all right for hard 
wood, but is very apt to drag out 
of place in soft wood, provided 
much heavy work is to be done. 
A much better center for soft 
wood can be very easily made 

by ihe smith. Fig. 61 shows Fig. Si-Makms a Sur Dog. 

how the blank is turned up. and Fig. 62 illustrates how the teeth 
are cut with a file and a hack saw. Any number of teeth can 
be made as desired, so that the dog may be given as much holding 
over as may be found necessary. 

It will be noted that the conical center is left 
much longer than the teeth. This is for the pur- 
pose of letting the work be placed between centers 
while the lathe is running. When a lai^e number 
of pieces have to be made, the lime lost in stopping 
to put a new piece of wood in the lathe is consider- 
able, and the long center permits of the work being placed between 
the centers and then the tail stock may be run forward, thus 
holding the work securely. 

The tail center to accompany this form of dog is made in the 
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same manner, only the ring at the end is turned thin, as shown in 
section by Fig. 63, and is left whole, in a continuous ring, instead 
of being cut into teeth as was the case with the soft wood dog. 
Fig. 61. An improvement of considerable worth may be made in 
centers of this kind by drilling the oil hole shown at A. Fig. 64, 
whereby the inside of the cup ring may be 
lubricated. The hollow center noted 
above as fitted to the tool post for use in 
turning and boring rolls is made in the 
same way as shown by Fig. 63, except 
Fig. 63-Cup CtM«. jjj^ ^^^^gj. jg niissing and a hole is bored 
through that point large enough to receive the pod auger described 
elsewhere. 

Usually, pattern work requires a considerable quantity of 
face-plate work, and small face-plates should be duplicated, several 
being furnished, or made as noted in a previous chapter. One 
small face-plate should have a screw, projecting from J-j inch to 
I inch, in the middle of the plate, as shown by Fig, 64. In 
using, the bit of wood is simply screwed hard ^;ainst the face- 
plate, where it is held by the screw sufficiently 
secure for turning purposes. 

This method of fastening answers very 
well for small objects from i to 2 inches thick 
and less than 6 inches in diameter. For larger 
work another chuck or face-plate should be 
provided, similar to that shown by Fig. 64, 
but with the exception that the screw is 
omitted and four holes drilled through the 
edge of the plate as shown by the engraving 
in question. Indeed, the holes may be put in ^«- <4— Screw chuct 
the screw-plate and for large work the power of the central screw 
is reinforced by as many common wood screws, put through the 
holes, as may be found necessary to hold the work in place. 

Suppose, for instance, that the smith desires to make a 
pattern for a wmple set collar to go on a i 15-16-inch shaft 
This object is merely a ring of cast iron bored to fit the shaft 
and fitted with a set-screw to hold it in place. Fig. 65 shows one 
of the face-plates with a bit of soft wood fastened in place by 
two wood screws driven in from the back through the holes 
mentioned in the preceding paragraph. In this illustration a tool 
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rest rixcd in the tool post h represented at A, the block screwed 
bCo the face-plate F. and two tools, B and C, are shown, one in 




Fig. ftj. 



Colitr PiHcrn. 



MJtion for inside cutting, the other for outside work. In practice 
Ihe tool would be used at C first, in order to remove the rough 

■ners, thereby permitting the work to run smoother than 

wstble with the corners on. After the comers have been 
taken off a light cut should he taken to make sure that the work 
is exactly true, then the too! may be shifted to position B and the 
inside of the pattern worked out. 

It will be noted that both the tools shown by Fig. 65 arc in 
position to take a scraping cut, notwithstanding the remarks 
tpide in another paragraph against this very method of cutting. 
powever, it is necessary to take scraping cuts in a good deal of. 

Atern work and in working to exact dimensions. While scrap- 
f is permissible in this kind of work, to a certain extent, it 
pfaotild never be practiced or tolerated in straight turning. 

The tool shown by Fig. 65, and in detail by Fig. 6(>. is a very 

indy one for either the wood turner or the machinist. The 



Fig. S6— Tmo Hindy Hand Too 



^1 is easily made from a bit of square tool steel }i inch o 
inch square, One end of the steel is drawn to form ; 
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shank and is fitted with a more or less elaborate handle — 
usually less — and the other end needs nothing except g^nding, 
as shown by the sketches. A is a side view of the grinding while 
B shows a side view of the tool looking over the top. If the 
smith does not catch the idea from that sketch, then turn the tool 
so one comer will come exactly upward, and in that position apply 
the tool to stone or wheel and grind a nice, clean bevel as shown. 
This tool works equally well on wood or metal and is a very handy 
addition to the kit of either smith or machinist. For metal work- 
ing the tool should be hardened a little more than for cutting 
wood, but once fixed for iron or steel working the tool may be 
used for wood without changing the temper. 

LABOR-SAVING JIGS AND ATTACHMENTS. 

Turning taper work is one of the things which often has to 
be done and which requires a good deal of ingenuity on the part 
of the operator. If a piece 2 inches long on a 20-inch shaft has 
to be turned to a taper of J^ inch to the foot, then the smith- 
machinist is in for quite a bit of figuring. The best the smith 
can do is to "set over" the tail stock enough to bring the desired 
taper. One-half inch to the foot taper means 0.835 inch in 20 
inches, therefore the tail stock must be set over that amount and 
the work put between centers and the turning done in the same 
manner as if the shaft were perfectly straight instead of tapered. 

It is quite easy to arrange a taper attachment to the lathe 
in such a manner that not only that taper turning be readily done, 
but that taper boring may be just as easily done. The way re- 
ferred to is to mount a straight steel bar on the back side of the 
lathe, and arrange bearing so that the bar may be adjusted and 
fastened at any required angle with the lathe bed. Next 
arrange a slide to fit the bar, with an adjustable gib to make 
a close fit, then attach the slide to the back end ^ of the 
slide rest and remove the cross-feed screw from the slide rest 
which will then be entirely controlled by the bar and slide on 
the back of the lathe and as the carriage moves toward and away 
from the head stock the tool moves to or from the center of the 
work. This arrangement, which is attached to some lathes, will 
enable taper pins to be made accurately, and it can also be used 
for boring taper holes which the pins made will surely fit. 

With the bare lathe, if the smith has need to bore a taper 
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hole, he surely is "up against it." About the only thing he can do 
is to count the number of turns the cross-feed screw must make to . 
move the tool through half the amount of taper. Then, with a J 
similar counting or calculating of the number of turns or revolu- 
tions the spindle will make while the tool travels along the dis- 
tance to be tapered, the smith is able to find out just how far to 
turn the cross-feed handwheel during each revolution of the 
lathe spindle. For instance, it is desired to turn a taper of 
J/j inch to the foot in a hole 3 inches deep. The bore means 
that in 3 inches the taper will be one-fourth of J^ inch, or J^ 
inch. .As hall the taper is on either side of the hole, one side 
should have a taper of 1-16 inch in 3 inches. Allowing that the 
feed of this particular lathe is 64 to the inch, then the cross-feed f I 
screw being is threads to the inch, it is evident that the cross-feed 
handwheel must be turned 12-16 of one turn, or J4 of a revolution 
while the lathe spindle is making 3 x 64 turns. In other words, the 
handwheel must be turned one-fourth a turn to each inch of 
hole to be bored. The task now becomes an easy one. The 
smith-machinist can easily divide up the stated circumference 
into 64 imaginary parts and then turn the wheel one of those 
parts at every revolution of the lathe spindle. In taking the 
roughing cuts it will be necessary lo feed only once in three or 
four revolutions of the spindle, advancing the feed, of course, 
three or four spaces each time, instead of a single space as when 
feeding each time the spindle revolves. In this way the lathe 
can be made to turn or bore a mighty slick taper without any 
taper attachment, or without sending the apprentice for a can 
of "taper oil," or without "throwing the tail end of the lathe 
^around" with a crowbar. 

OTHER TOOLS TO BE ADDED WITH PROFIT. 

There are a great many appliances, jigs and fixtures which 
may be added to or uwd in the lathe with considerable profit to 
the owner of that machine. The smith can rig up jigs whereby 
he can do milling in the lathe, he can add a planing attachment 
and he can also make the lathe do gear cutting, polishing and 
a dozen other things. Indeed, an "amateur" of the writer's 
acquaintance had a fine lathe to which he had added by purchase 
or by his own make over twenty attachments for performing as 
iQ^ny entirely different operations. The smith will find that it 
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does not pay to carry this business too far. Remember that all 
the money earned for him by a lathe is by the work turned out, 
and if too much time be spent in changing attachments or in 
''rigging up" much less will be earned than if the lathe be kept 
at work all the time. 

The smith can easily arrange the lathe so that it will cut up 
round iron in mighty good shape. It costs very little to so rig 
a hollow spindle lathe, and the manner in which the pieces drop 
off is good to see. Still, however good to look at, the arrange- 
ment does not pay. The smith has $200 at least invested in that 
lathe and he can keep it busy all day, charging 60 cents each hour 
at least for the lathe and a man to run it. It therefore costs^ 
60 cents an hour to cut off iron, besides the interest on the invest- 
ment and some other things. The lathe is also tied up and is 
kept from its proper work. 

How much better, then, it is to put in a little power hacksaw, 
which costs about $75, and which may be started by a boy, and 
which requires no attendance at all while running, and which 
stops as soon as the piece of metal is cut off. Just figure how 
far that 60 cents an hour would spread itself out on the cost 
of running the power hacksaw. In addition to the decrease in 
cost of cutting off, the lathe is all the time earning its profit 
otherwise, instead of being tied up to the wofk of a $75 machine. 

The same is true in other directions. Do not load up the 
lathe with "attachments" for doing this and that. Rig up special 
machines. Cast iron is cheap and it costs little more to rig up a 
stand and a shaft and bearings than it does to accommodate some 
special machine or arrangement to the lathe. 

It is the special machine which pays the most, and the more 
special machines the smith can make and keep at work all the 
time, the more money he is making. Write it down, when making 
a special machine, that the cost of that machine ceases when it is 
completed, and that its output is clear gain, and that you will not 
have to deduct therefrom the time spent in adjusting "attach- 
ments" to the lathe, neither will you have to make any allowance 
for time spent while you were rigging it up and using it as a 
special machine. 

The smith should have a vertical drill in the shop, and he is 
entitled to that tool even before he arrives at the dignity of a 
lathe. The next tool purchased should be the power hacksaw. 
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then a shaper, next a milling machine, with all the special 
machines sandwiched in between. By the time the above-men- 
tioned tools have been added the shop will have become too 
important to be called a "smith machine shop," and the machine 
part must be made a department by itself. 



CHAPTER XIII. 



MAKING A "qUARTEB-TURN" CRANK SHAFT. 

By a "quarter-turn" crank shaft is meant one which has 
two wrist-pins at right angles to each other, or 90 degrees apart 
Fig. 67 represents a crank of this character and it is about as it 
is proposed to make the shaft to be described below. The di- 
mensions of the shaft will not be given, that data being supplied 
by the smith-machinist in accordance with the particular de- 
mands of the case in hand. 

Do not attempt to make a crank shaft, or any other piece of 
machinery, without first making a drawing or at least a sketch 
of it, showing the work as it is to be when finished. It is very 




Fig. 67— Quirter-tum Crank Shilt. 

easy to get into the "sketch habit," and it is of great value to 
any mechanic. It saves a lot of trouble from misunderstanding, 
and totally obviates the necessity for any "cut and try" work 
whatever. 

Referring to Fig. 67, it will be noted that the two cranks, 
A and B, stand at right angles to each other or, in draughts- 
man's language, they are 90 degrees apart. It will also be seen 
that there are three separate and distinct centers in the crank. 
One, the main center, and two others, one for each crank. These 
centers must be most accurately laid out and drilled, for upon 
their accuracy depends the truth of the entire piece of machinery. 

There is a center in each end of wrist A, and two other 
centers in wrist or crank B. If either one of these centers 
departs even so slightly, from its accurate location, then there will 

no 
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t one or more defective wrist pins which can never be able to 
I true or cool. 

GOOD AND BAD FORCINGS. 

The first thing, after the drawing of the crank shaft is made, 
hto obtain the forging or "blank." Fig. 68 shows a well-forged -^ 
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I— niank Forging lor Quailer-lurn Crank. 

ilank with the crank blocks turned at approximately 90 degrees 
with cacli other. And it is wonderful how closely a good ma- 
chine blacksmith will come to getting things exactly right. It 
iiscd to be a standing joke in the shop where the writer learned 
the machinist's trade that when a man did a bad job the fore- 
man would gravely remind the man that he must do better if 
he stayed in that shop, for "the blacksmith downstairs can forge 
closer than you can turn with a lathe." And there was a good 
deal of truth in it, too. 

Anvone who has had a great deal to do with automobiles has 
noticed the frequency with which the crank shafts break. A 
flood of light was turned on that matter the other day when the 
writer happened to be in a large shop where they were turning 
out automobile cranks by the hundred on contract. These blanks 
did not look the least like the one shown by Fig. 68 : instead of 
that the blanks presented the appearance indicated by Fig. 6g, 




both cranks being forged on the same side — a much easier oper- 
ation^and then the shaft was twisted as indicated by the dotted 
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lines, to bring the cranks to a quarter tiim. It certainly cannot 
make a crank any stronger to twist the shaft between the wrist- 
pins, and the writer is of the opinion that many more of the 
twisted cranks break than of the forged angle crank shafts. 

CRANK SHAFT JIGS. 

Having secured a forging, made to suit, the next thing is to 
lay it out and put it in the lathe and begin to finish the art 
It is best to make a couple of jigs for use in making 1 
shafts, and the jigs in question will more than pay their c 
the one job which we are going to take in hand. Fig. 70 shI 
one of these jigs, but ihcy may be made in many different fol 
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the only requirements being that it is possible lo clamp th( 
firmly upon the ends of the crank shaft in such a mai| 
that the jigs will not slip or yield in any manner during t 
tire machining of the crank shafts. 

This jig consists of a square cast iron block, A, 1 
carefully bored hole at H to fit the end of crank shaft C. 
the jig is otherwise finished a slot is cut at G with a hack 4 
£0 that by tightening the nut B the jig may be clamped f 
upon the crank shaft — so tightly, in fact, that the jig will OOtV 
or move during all the turning and filing operations t 
shaft. 



I 
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,ry that at least two sides of jig may be made 
other, and also with the face on from side of the 
jig. It may save a little labor if the sides, K and J, be squared 
up after the hole H and the centers E and F are made. To pro- 
ceed in this way chuck the jig block, which may be of plain cast 
or wrought iron or steel, and bore the hole H. Then mark the 
circle D very accurately with a pointed tool held fast in the tool- 
post, make the distance of circle D from center of H exactly to 
the throw (length) of the crank. Take great care in making 
this circle, for upon its accuracy depends the accuracy of the 
crank shaft. Two of these jigs must be mada, one for eilher end 
of the crank shaft, and it will be well to omit circle D until both 
jigs have been finished; then put one of the jigs, or both of them 
upon opposite ends of a short shaft of the exact diameter of the 
proposed crank shaft, and clamp the jigs tight. If a short shaft 
is not to be had, use the crank shaft, turning up each end enough 
to receive the jigs. 



t'SE A SrRF.\CE PLATE, 



In clamping the jigs to the shaft they should be laid upon a 
surface plate. An)thing will answer that is smooth, true and 
hard. Surface plates may be purchased from any dealer in ma- 
chinists' tools. A plate 12 inches by 18 inches will do nicely for 
the machinist, and will prove a paying investment. In fact, a 
surface plale and a surface gage (see Fig. 72) are absolute 
necessities for doing good machine work. Any smooth, true 
surface of planed or turned cast iron will answer for a surface 
plate, and for a substitute the large face-plate may be used, but 
it is not nearly as satisfactory as a regular surface plate. 

Referring again to Fig. 70, it will be noticed that vertical 
and horizontal lines pass through the center of hole H, and 
through centers F and E respectively. These lines must be ac- 
curately made, and there are at least two ways of making them. 
Either the lines may be made before the hole H is made, and the 
hole H accurately drilled where the two hnes cross, or hole 
H may be drilled, the jigs placed on the shaft which is squared 
up as shown at G, Fig. 71. and the lines drawn by means of try 
square and surface gage. 

The front end of each jig must be machined or filed smooth, 
after which the circle D and the vertical and horizontal lines 
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may be drawn as follows: Dissolve some sulphate of copper 
(blue vitriol) in a little water and rub some of the solution over 
the bright surface of the jig ends. Allow to' dry, and a film 
of copper will be found deposited on the iron. The film of cop- 
per shows a scrstch mark very plainly and lines are easily drawn 
upon the surface thus provided. The surface gage H, Fig. 71, 
should be used for drawing the horizontal line at E, Fig. 70, 
through the center of each jig, and the vertical line F may be 
drawn by means of the try square, G, Fig, 71. 



Fig. 71 shows how the shaft, with jigs in place, is laid on 
the surface plate, and the jigs made to bear evenly and fairly 
upon the plate, also to stand square with the plate, as at G. 




The curved point in the scriber in the surface gage H is used for 
testing to see that the lower edge of crank shaft is equally distant 
from the plate at all points, the gage being set to one end of 
shaft, then moved to the other end. When everything is all right 
and the crank, C, lies exactly parallel with the surface plate, then 
the line through E of Fig. 70 may be drawn in the copper film 
on each of the jigs, and where this line intersects with circle D, 
there is the place for one of the centers to be made. The other 
center, F, may be determined in the same way, but with try 
square G, Fig. 71. instead of the surface gage illustrated hy Fig, 
,72, which will be described later on. The smith should supply 
himself with two surface gages, one small, the other, a lai^ one, 
but get the small one first. 

Fig. 71 also shows how the lengths of the various parts of 
the crank shaft are Idd off. These points for the lathe worker 
to work to the shaft blank, using the copper sdution on bright 
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metal or common white chalk on.rougli surfaces. In turning, 
■ the latfae worker has only to cut up to these marks and then stop. 

■SURFACE GAGE. 
The surface gage, shown in Fig. 72, is a necessary tool 
when work is to be laid out. It can be purchased ready made, 
but would advise the repair man to make it. He is obtaining a 
good tool and learning something of greater value than the tool. 
If there be no time for tool making, then buy. by all means, but 
it is only in extreme cases that a man cannot find lime to make 
himself a good surface gage. To make the surface gage 
shown in Fig. 72 obtain a piece of metal something like cast 
iron, about 2j^ or 3 inches in diameter. Then turn up to any 
fancy shape desired. Drill for the rod C, which is about 3-16 
inch in diameter and made of steel ; tap in thumb screw B to hold 
C in place. The block, D, is made in two pieces, one of which 
slides upon C, and is clamped to it by the thumbscrew. The 
scribcr, G, is of J/^-inch steel with end, H, curved. The thumb- 
screw, F, ctamps G into the block, and clamps the two blocks to- 




Fig. 7j— Suv[»« Cage. 



getJier. The scriber may be turned in any direction vertically, 
and by sliding block D it may be placed at any required height 
above the surface plate. 

By setting point G to line E of Fig. 70 and then shding the 
gage to the other jig it will be shown at once whether or not 
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the lines E on both jigs are the same distance from the surface 
plate. If not, the lines must be mended. 

DRILLING CRANK CENTERS. 

Having found that the center marks on both jigs prove true 
by means of tests with surface gage and try square, the four 
crank centers (two on each jig) should be drilled and counter- 
sunk. This is a job which calls for the highest skill of a good 
machinist. Fig. 73 shows how to do it. Around the quartered 
crank centers small circles are drawn to the exact diameter 
which it is desired to countersink the center. These circles are 




Counlerminking Crank Centers in Jig*. 

shown at A and A, and they are further marked by four or more 
center punch marks equidistant from each other, as shown 
in Fig. 2$. The object of these punch marks is to enable the me- 
chanic to determine when the countersinking is going right, 
and to make sure that the tool-is not cutting to one side, instead 
of straight ahead 

A small drill is started at D and is run in as far as necessary, 
clearing the lathe centers as described in Chapter IV. When 
ready to countersink the small drill hole there is no guarantee 
that the countersink will cut the same on each side of the center. 
Indeed it almost always runs to one side, as at A, Fig. 74. 
Either the metal is softer on side of hole A, or some pressure 
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ies the drill to cut that side farthest. At any rate, the iiole 
toward a, and our business is to correct it. All changes 
must be made before the straight portion of drill on countersink 
gels to work. In countersinking, this must be done anyway, as 
ly the point of the tool touches the work. 

With the hole started nearest a. Fig. 74, it is necessary m 
ler to make a decided change in the direction of the hole, to cut 
T channel, as shown by e at B, using a small cold chisel for that 
purpose. If the proper amount be chipped out, the hole will 
straighten up when drilled a little more, taking the position shown 
at C. In this condition the couniersink is correct and should be 
continued until its edge just touches the limit circle all around, as 
shown at D, when countersink may be stopped with every assur- 
ance that the centers are finished as accurately as is necessary. 

ROUGHIXG Ot'T .^^■D FIMISHIXC. 

With the jigs once properly drilled and countersunk, give 

a final surface gage test to see that they are perfectly 

[uare with each other and with the shaft and proceed to rough 

it the crank shaft. It is well to cut out some of the metal be- 

reen the arms of each crank before the shaft is put in the lathe. 

in a regular machine shop, the cranks would be clamped 

ither and the chunk of metal cut out on a shaper. As there is 

shaperat hand, drill a row of smalt holes !4 or H, inch around 

piece to be cut out, and finish ilie job with a hack saw. If the 



Fig. rn-Accurale Drilling oi Coanlersinking. 

Hith has arrived at the understanding of the proper value of 

; cutters, then he will clap a cutter on an arbor, damp the 

ink shaft to the slide-rest, and mill out the square bit of metal 

I hurry. 

Do not take a finishing cut over any portion of the crank 

lafl until all has been roughed out and worked down close to 

It is extremely probable tliat more or less straightening 
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will have to be done to the shaft, as the turning proceeds, for it 
is usually found to be the case that a piece of metal changes shape 
when the outer portion or skin is removed. Therefore^ rough out 
the shaft, turn down nearly to the finishing cut, then test again 
upon the surface-plate and apply the necessary corrective straight- 
ening that may be necessary. 

To turn the wrist-pin of any crank, simply put the lathe cen- 
ters into the centers in the jigs which correspond to that particular 
crank, then go ahead and turn up the surface concentric with the 
center, after which another pair of centers is brought into use, etc. 

STEADY PIECES. 

Referring again to Fig. 71, two pieces of metal should be 
squared up and fitted accurately between the arms of each crank 
at J and K. These pieces take the strain off the wrists during 
the several turning operations. 

These **steady pieces" of metal should never be driven tightly 
into the cranks. If they be thus driven, a strain will be set up 
which will surely cause the cranks to be crooked when the steady 
pieces are removed. Contrawise, if the pieces are fitted too 
loosely, the crank will pinch them when in the lathe; then the 
reverse spring of the shaft when it is removed from the strain of 
the lathe will cause the shaft to be crooked in the opposite direc- 
tion from what it was when the steady pieces were too tightly 
placed. Thus, these pieces should be very accurately fitted. They 
should be made preferably in two pieces and fitted to slide easily 
between the cheeks or arms of the cranks. Then a piece of paper 
should be placed between the two pieces of metal, thus giving it 
extra thickness just sufficient to counteract the pressure of the 
lathe centers and of the tool. 

Having at last gotten the crank into the lathe, the rest is 
easy. Anybody can do the trick now, and as one man said to the 
writer when he was putting a complicated shape into the lathe: 
"When you get that thing ready, FU come in and run it for you." 
It is well to use the water cut in finishing the wrist-pins, as it is 
hard to make a good job at filing them for the good reason that 
they cannot be run fast enough for a good filing speed because of 
being badly out of balance. Of course, they can be temporarily 
balanced, but filing is a make-shift method of finishing at best, 
and it is a great deal better to use the water finish and secure a 
first-class job to begin with. 
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UILLING IN THE LATHE. 

rd to a milling attachment for tlie lathe : while such 
1 great convenience, the smith should look the matter ' 
over very thoroughly indeed before spending any money or time 
on such an attachment. The gist of the whole matter is just 
: If you ever intend to enlarge the earning capacity of your 
I, then do not make a milling attachment for the lathe. If 
are satisfied to do just what work can be handled by one 
lan, then the milling and any other attachments and jigs are in 
order, for they are great conveniences but arc not money makers. 
This may be a surprising statement to many a smith, but look 
again and see if it is not the truth. 

The writer has a friend who is a crank on the subject of 
lathes and attachments thereto. He has a very fine lathe and 
fcr thirty attachments for milling, drilling, shaping, planing, 
cutting and about every other operation known to the ma- 
linist. And what is the result? The earning capacity of that 
lathe is only about one-half that of an ordinary screw-cutting 
lathe. Why? Because the machine is idle so much of the time 
while attachments are being applied, adjusted and removed. 
I The only things in common to all operations in that lathe 
■« the bed, the spindle, the head-stocks and the slide-rest — and 
Bfenetimes. to a limited extent, the feed. And in addition, and 
most important of all — if there is one — the cross-feed on the slide- 
rest of the lathe. Even with the above mentioned very few com- 
mon properties there are lots of times when it is found that the 
form of bed or centers, or bed or spindles, are most illy adapted 
for the work to be done and to overcome this difficulty attach- 
ments have to be designed which cost almost as much, if not quite, 
would a special machine to do the work of that attachment. 
Right here is the keynote of success in machine work, 
■cksmithing or any other mechanical operation. It is this: 
lo not mix your machines. Put in one machine for outside 
turning, another for inside work and rig up an entirely different 
119 
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machine for milling and another for each kind of special work 
which comes along. Let the lathe be earning money for you in 
its own way. Do not cut down its profit-producing capacity by 
stopping it half the time to turn it into a very poor substitute for 
some other machine. 

But, says the one-horse man: "The lathe is there, it is 
idle now, so why not use it for milling and save the expense of 
another machine?" It can be done, and the writer will tell how 
to do it. But while rigging up that lathe for milling and spend- 
ing time and money on it just remember that you are retarding 
the expansion of your business and putting into the hands of 
your competitor the chance to get ahead of you. "What should 
be done?" Make an attachment which will stand on its own 
legs instead of on those of the lathe, that's what should be done — 
and the writer proposes to tell how to do that also, in order that 
the man who wants to make the most money may be prepared to 
do so. A special machine for fluting taps and reamers will cost 
hardly more than an attachment for doing that work in the lathe 
— and then you have the labor and profit from two machines 
instead of from one. "Savez?" 

APPARATUS NECESSARY. 

In order to do small jobs of milling in the lathe the follow- 
ing things are necessary: an arbor or other support for the mil- 
ling cutter; means for revolving the cutter strongly and at 
any desired speed; means for holding the work, preferably be- 
tween centers ; means for revolving and locking the work at any 
desired part of a revolution, in order to provide as many flutes as 
are required ; a vise or clamp arrangement in place of the revolv- 
ing centers when the character of the work requires it; a table 
for supporting the centers or vise or clamps ; means for moving 
or feeding the table evenly, accurately and strongly in any direc- 
tion, forward or back, laterally or up and down — such feeding 
to be automatic and variable in speed. 

Let's now look the lathe over and see what is present and 
what is lacking from the list of "means." The milling cutter 
should always be purchased ready made. It does not pay to 
make them at home. While one can be made at home for $i .20, 
another "just like it, only better," can be purchased for 30 cents. 
The support for the cutter— the mandrel or arbor — can be made 
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^■B home and must fit the lathe. Details for this will be given 
^Itter. To support and rotate the cutter of course tiie spindles 
of the lathe will be used. So far all is well, but now trouble 
commences. It is evident that the slide-rest must be made use 
of to support the work and carry either the centers or the vise 
or clamp used for holding the work. The fact that there is only 
a space of a few inches between slide-rest and lathe centers is 
a most discouraging fact, but it can't be altered or obviated. That 
is one of the "must" things and we "must" make the best of it. 
Thus the range of work which can be milled in the lathe is at 
once limited to one-half the swing of the lathe, less half the diam- 
eter of the milling cutter, less the thickness of the sliding table 
and the center raising device. Thus only very small work can be 
milled in the lathe. 

The length of milling cut is also very limited, and 'in a 20- 
inch lathe it is hard to provide for milling a cut over lo inches 
long, while the diameter of the possible work, as limited above, 
can hardly exceed 3 inches, however economically the device may 
be arranged as regards vertical space. 

^L DIVIDING HEAD. 

^H In order to properly space the milling cuts around the per- 
^"iphery of a tap or a reamer the milling attachment must be fitted 
either with an index plate or a dividing head. The former takes 
up a lot of room but could be placed at the back of the lathe 
and could be made fairly accurate in the shop. The dividing 
head usually consists of a worm wheel and screw v/hich is 
actuated by means of change gears in such a manner that any de- 
sired part of a revolution may be given to the work by merely 
turning a crank a certain number of times for each cut. Both 
the index-plate and the dividing head are to be attached to the 
live spindle which supports one end of the piece to be milled. 

A rudimentary dividing head is quite within the make of 
the smith, but the index-plate is much quicker made, though not 
as convenient as the dividing head, which can be made with con- 
siderable accuracy provided the worm wheel is accurately spaced. 
It is understood that the centers and the vise or clamp for hold- 
ing work are never used at tlic same time, and that the dividing 
head or plate is used only with the centers, or with the work 
chucked on the spindle of the head or plate, therefore it is nee- 
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essary that the table of the attachment be made to receive either 
of the above-described articles. This table must also be made to be 
raised or lowered at will, in order to obtain the required depth ojt 
cut from the milling cutter which hangs between the lathe cen- 
ters above the table. 

It is in the means for raising and lowering and locking this 
table that the lathe milling rig becomes a complicated and cum- 
bersome affair. In order to obtain any range of movement worth 
considering the means for vertical adjustment must be removed 
from the space between the lathe spindle and the V-ways. This 
means that the raising and lowering mechanism must be placed 
outside the bed of the lathe and made in two parts, one at the 
front, the other part at the back of the lathe. Each part of the 
attachment could be raised or lowered either simultaneously 
or separately, and by connecting the two by means of a flat 
plate work of almost any description could be readily held upon 
the plate mentioned or clamped in the vise fastened to the plate 
in question. 

While it is quite possible to arrange a little milling attach- 
ment to be fastened to the slide-rest which will handle taps and 
dies, it seems folly while an attachment is being made for milling 
in the lathe not to give said attachment as much range for work 
as possible. To this end do not use the slide-rest at all, but 
make a special casting to slide upon the lathe Vs, and upon this 
casting place all the adjusting mechanism necessary. Thep, in 
order to change the lathe to a milling machine, it will only be nec- 
essary to raise the tail-stock of the lathe by means of the chain 
differential blocks, which should be suspended permanently above 
any lathe, run the slide-rest down toward the tail end of the 
lathe, past the tail-stock, which is then replaced on the Vs. Next, 
swing the milling attachment into place between head and tail- 
stocks and the lathe is a milling machine. 

MILLING SLIDE REST. 

Fi&- 75 gives an idea of this arrangement, at least it at- 
tempts to show what the special castings look like and how the 
several adjustments are made. The main casting A (similar 
figures or letters indicate the same pieces in all the views of a 
figure) is planned to fit the lathe ways the same as a slide-rest. 
In fact, it is one, and is gibbed down and attached to the 
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feed rod or screw precisely the same as the sUdc-resL 
The casting B is the main table of the milling rig and is gibbcd 
to casting A and fitted with a feed screw which should be 
attaclied to |X)wer as a cross feed, which may be worked by hand 
if necessary. 

The forcing of the tool into the cut in horizontal milling is 
done by this screw. The table B may best be slotted for boh 
heads as shown, and to it are fastened two strong knees, C C, 
which each in turn carry gibbed stocks which arc fitted with 
sj)in(lles for the reception of center work. It will readily be 
secTi that the sliding, gibbcd blocks D D are raised or lowered 
by screws, which in turn are geared together so as to be operated 
by a single crank F. The blocks C C and D D may be moved at 
wil! along the table B and made fast at any desired distance apart 
within the limit of the table length. 

Referring to the side elevation, it will be seen that the knees 
C C permit the work-holding spindles to be set either above the 
table B or at one side of it as shown in the side view, thus per- 
mitting a great range of work and obviating to a considerable 
extent the handicap of the small distance between the lathe Vs 
and the lathe center. By means of the overhang thus secured 
the entire distance from lathe bed to center is available, and in 
many instances larger work can be handled, for the reason that 
it can project down into the cavity in the lathe bed. 

The details of this attachment are not shown, for the reason 
that it would be necessary to work them out differently for each 
type of lathe, and it is a fine piece r»f educational business for the 
smith to work out these things for himself. 

ANCIENT INDEX PLATE. 

Fig. 76 represents quite crudely the time-honored index 
plate, which is a disc of any convenient diameter attached to the 
live spindle of the milling attachment. Holes dividing the circle 
into as many — or into multiples of as many — cuts as are desired 
are drilled in circles through the plate, and a pointer is rigged to 
drop into one of these holes at a time and hold the plate rigid 
while a cut is being made. Sometimes the plate is stationary 
and the pointer is attached to an elongation of the spindle, which 
passes, in this case, through the plate. When a diflFerent spacing 
is required the pointer is shifted to another circle of holes which 
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provided for clamping the spindle after setting, similar to that 
shown at H, before each cut is made, as the pointer in the index 
plate or the friction of the worm in the gear is not designed to 
lock the spindle for a cut. An independent clamp should be 
provided in each instance, and the clamp must be loosened after 
each cut before the work is rotated for another cut. 

It is understood that when the center spindles shown in the 
side view of Fig. 75 are not needed that they may be quickly 
removed and a pair of vises or clamps applied to the knees C C 
in the place of the centers and spindles. Or by a slight change 
in the design the spindles may be pulled out and the castings D D 
turned into vise clamps by the addition of another bit of metal 
and a screw to each casting. In fact, the face of each of these 
clamps may be readily fashioned into vises to remain perma- 
nently in place for use when wanted, with no change whatever, 
except to remove the spindles if the latter chance to be in the 
way. 

After you have made up this attachment and have gotten 
it to working satisfactorily, then buy an old lathe bed and put 
the attachment upon it, thereby leaving your lathe free for 
its legitimate duties. 



CHAPTER XV. 



SPECIALIZING VS. GENERALIZING. 

In most trades, and in some branches of blacksmithing, the -y 
bdency is toward very narrow specialization. In fact, toward 
doing only one thing. Thus, the smith sometimes finds it profit- I 
able to do nothing but shoe horses, while another man repairs 
vehicles exclusively and shoes no horses nor does any repair work 
whatever. Still another man confines himself to repair work 
exclusively. But the tendency of smithing is to generalize, to 
add repair and manufacturing branches; in fact, to become a 
regular "department '■tore" in the mechanical line where can be 
obtained almost anything desired in the iron or woodworking 
lines. To this end the smith is fast invading the field heretofore 
occupied by the machinist, and he has always been a sort of 
woodworker when occasion demanded. 

A certain branch of smith work known as "machine black- 
smithing" has heretofore been an unknown art to the average 
smith, and this branch has been very closely allied to machine 
|.WOrk. In fact, a "machinist" (not a speciali.st in that line, lathe 
vise man, fitter, etc.) is usually a pretty good blacksmith. 
well up in tool making and general forging, although he knows 
little about carriage work and nothing about shoeing. 

The smith who desires to progress should work into 
machine blacksmithing as well as into lathe work. And both these 
branches require the same study and preparation. A man may 
be a good smith if he cannot even read and write, but he will be 
a much better one, and earn better wages, if he can make and 

Ii sketches and drawings. To that end let the smith learn to 
w, also to make simple patterns for castings. 
MAKING DRAWINGS. 
Many people have an entirely incorrect idea of the making of 
wings. Some of the schools .seem to teach that when a pupil 
can copy a drawing: and make nice smooth lines that the pupil 
knows how to make machine drawings. But nothing could be 
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further from the truth. In fact, two things are necessary for 
the draftsman (or the smith who would make sketches) to know: 
First, how to put lines on paper which will show the desired 
object in such a manner that a smith can make it with no other 
guide or instnictions than the drawing in question. Second, the 
smith-draftsman must know how to proportion the object so that 
it will possess the necessary strength with the use of the least 
possible material and at the same time- be of such pr<^)ortion 
and finish as to present a pleasing appearance. 

The man who can make a picture of a bolt or a nut may 
not be able to name the proper dimensions for those objects, and, 
on the other hand, the smith who knows how to make properly 
proportioned bolts and nuts may be unable to express his ideas 
on paper in the shape of a drawing or other sketch. In the former 
case a good deal of study will be necessary; the strength of 
materials must be mastered and the la^ws of machine design must 
be studied. In the latter instance a very little study will fit the 
smith to make intelligent drawings from which ahy man who 
can read drawings can work easily and correctly. Two very 
simple examples will illustrate this point: 

DESIGNING AN EYEBOLT. 

When a lathe is to be set up in your shop it proves very 
handy to rig an eye-bolt in a beam overhead. By means of a rope 
tackle the lathe is lifted from the wagon and deposited upon 
rollers placed on the floor of the shop. The lathe weighs 4,200 
pounds. A three-ton tackle is used, weight 200 pounds, giving 
a six to one purchase on the lathe. How thick should the eye- 
bolt be made to be safe to carry the load, yet not too large, which 
would add to the cost of the bolt? 

The lathe load is 4,200 pounds. The tackle weighs 200 
pounds, and with a six to one tackle, 700 pounds pull would be 
necessary to balance the 4,200 pound load to be lifted. Something 
must be added for friction, and 800 pounds may be taken as the 
pull. This necessitates nine or ten men on the rope, and as they 
may put 1,000 pounds on the rope should it become tangled, 
then the eye-bolt should be made strong enough to withstand 
a pull of 4,200 + 200 4- 1,000, or 5,400 pounds. 

The tensile strength of bar iron (soft steel) may be taken at 
60,000 pounds to the square inch ; that is, it will require a pull of 
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fio,CNX) pounds to break a rod one inch square. To withstand a 
pull of 5400 pounds there will be necessary about .111 square 
inch section of metal. But it must be remembered that .111 
square inch of metal will barely sustain a pull of 5,400 pounds. 
In fact, it i.s expected to break under that pull, hence more metal 
must be added until there is no doubt that the rod will sustain the 
load under any conditions likely to arise. These conditions 
must include possible poor quality of metal, defective forging of 
le eye-bolt, defective thread, and perhaps a poor nut. 



I OF SAFETY. 



The excess of strength which must be thus provided is 
known as the "factor of safety," It varies according to the work 
to be done. In unimportant places the factor is sometimes as 
low as 2. That is. twice the metal that would be broken by 
the given load is allowed. In the case given above, where .111 
square inch of metal section is required .222 square inch would be 
used. Kut a factor of safety of 2 is entirely too small. In steam 
boilers 4!^ and 5 are the factors of safety usually employed. In 
bridge work and in locomotive construction 10 is used as a 
factor of safety, and this factor is used in all machine design 
where metal may be subjected to shocks and other sudden strains. 

For the eye-bolt which we are designing a factor of 5 should 
be used, which will bring the metal section up to 5 X ■nr = .555 
square inch. The next problem of the smith designer is to 
find what diameter of round rod will have a cross section of .555 
|uare inch. To ascertain this point it is necessary to divide 
155 ^y -7^54 ai'' extract the square roof of the quotient. This 
gives a diameter of .84 inch. This corresponds closely to a rod 
% inch in diameter, which should be used for making the 
eye-bolt. 

Having a.wertained the diameter of metal required for the 
eye-bolt the rest is easy. The length is obtained from the con- 
ditions to be complied with in using the bolt. If it is to pass 
through a 6-inch beam, then a total length of i r inches, as shown 
by Fig. 78 will answer. Of this length 3 inches may be taken up 
by the eye. 2 inches by the threaded portion, including the nut. 
leaving 6 inches to pass through the beam. 

The smith will readily see that the making of the picture or 
sketch as shown by Fig. 78 is a very small matter. Once the 
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diameter of the rod and the length of the bolt are determined the 
design of the eye-bolt is complete and it only remains to make the 
picture in such a manner that any smith will be able to make the 
bolt without any instructions whatever except those found upon 
Fig. 78. It is understood, of course, that the thread is to be U. S. 



Fig. 78 — Designing an Eyebolt "Expansive" Blacksmithing. 

Standard, which is 9 to the inch for ^-inch bolts, hence no in- 
struction is needed in that direction. The sketch also shows a 
square nut but no washer, therefore the snfiith needs no instruction 
in that direction. The eye is shown to be a long concern, there- 
fore the smith need not spend time in rounding it up around a 
punch. If a round eye were necessary it would be shown thus 
upon the sketch. In fact, as stated, every bit of information 
needed for making the eye-bolt is to be found in the drawing. 

DESIGNING A CASTING. 

The same is true in making a design for a casting or for a bit 
of lathe work. First determine the dimensions of the object by 
the necessary calculations, then make the sketch or drawing to 
show everything the workman needs to know. If a mechanic has 
occasion to run after the draftsman and ask questions, there is 
something wrong. Either the drawing is incomplete or the work- 
man does not know how to read it properly. 

For example, assume that the smith wants a pair of brackets 
to bolt against a brick wall. A shaft must be hung there and the 
brackets are to be arranged to receive each a rigid flat box or 
pillow block, something as shown by Fig. 79. The bracket is also 
shown by three views — plan, end and side elevations — Fig. 80 
The writer will not give here the work actually done in designing 
this bracket, but will give some of the necessary data and leave it 
for the "expansive blacksmith" to work out the details for himself. 
Let it be stated that the center of the shaft is to be placed 24 
inches from the brick wall and that each bracket shall be safe 
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(factor of safety of 5) to carry 3.000 pounds vertical load at that 
point. 

The problem for the designer is, therefore, to determine the 
length, breadth and thickness of the vertical and level portions of 




Fit- 79— Cut-iron Will Bracket. 

the bracket. There will be four '1-mch bolts for fastening the 
box to the bracket. But the size of the two bolts which fasten the 
bracket to the wall must be calculated. When cast iron is sub- ,^ 




jected to a piill it is under tensile strain, and not over 26,000 j'' 
pounds to the square inch should be permitted. When cast iron 
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comes under compression strains, then a much greater figure is 
permitted. 

REFERENCE BOOKS. 

At this stage of the game it is up to the smith to obtain one 
or two good reference books in mechanical engineering. To 
properly design the bracket noted above the smith must have com- 
plete data of the strength of materials, the moment of inertia, the 
strength of beams and other data. For this purpose a book like 
Kent's "Engineer's Pocket Book" is necessary. There are several 
good books of similar character on the market, and doubtless the 
publishers of this book will procure for any reader, upon request, 
a suitable reference book for the purpose. The smith must have 
at least one book of this kind, and he will find frequent use for it 
right at the beginning. As the "expansive" work progresses the 
smith will find use for two or three books of similar character, 
though in a slightly different field. Trautwine's "Engineer's 
Pocket Book" will answer all questions which may arise concern- 
ing building problems. It tells all about geometry problems, and 
covers all work the smith will ever get up against in building a 
shop, tinning the roof, calculating foundations, drawing, building 
railroad switches or anything of that kind. Add to the above 
books, later, perhaps, one or more good books on electrical en- 
gineering and the smith will be ready to "meet all comers." 

The smith, by the addition of a screw cutting lathe to his 
shop tool equipment, has found that he must at once learn three or 
four trades additional to that of blacksmith. Instead of remain- 
ing a mere shoer of horses and maker of wagons he must expand 
into a machine blacksmith, a pattern maker, an iron founder 
(molder) and a machinist. As far as concerns the machine black- 
smithing and the lathe work, the smith can be trusted to make his 
way with little trouble. 

PATTERN WORK AND MOLDING. 

It is in the lines of pattern making and molding that the 
smith needs aid and instruction. In pattern making that he may 
be able to fashion correct patterns for such castings as he may 
need to keep his lathe work agoing, and in molding that he may 
be able to properly design and arrange such patterns so as to get 
good castings from them. Cast iron is a very peculiar material to 
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handle and the design has much to do with the soundness of the 
castings also with the cost or waste of iron in the castings in 
question. 

It is possible — yes, quite easy— to put twice the necessary 
metal into a casting and still have it prove too weak for the pur- 
pose intended. It is. then, necessary for the smith to study the 
hehavior of cast iron in order to know how best to distribute the 
metal. Certain shapes and proportions arc also necessary in order 
to make the molten metal form into a solid casting when cooled. 
If certain proportions are not followed the castings will crack or 
rcak to pieces through internal strains. 

Certain other shapes and proportions mnst be given to every 
Itttem in order that it may he properly removed from the sand 
ring the operation of nioldin,!;. Fig. 81 shows this matter 
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Fib- Bi— Drift in I alUrns. 

lainly. The novice m pattern making who needs a cast iron 
ircle with a round hole through its center will probably turn out 
a pattern with a section like that shown at A. The circular por- 
tions of both pattern and hole are made square with the flat faces 
of the pattern, and the molder will ha\e no end of trouble in get- 
ting the pattern out of the sand The outside of the pattern will 
cling to the sand and probably it will shear off the top corner of 
mold when the last comer of the pattern leaves the mold. 



DRAFT IN PATTERNS. 

That portion of the mold which forms the "core," or which 
is contained in the hole in the pattern, will also give trouble. The 
molder puts two or three nails in the sand packed into the hole 
in question, but even then the pattern will be almost sure to tear 
off the top comer of the sand and make necessary a tedious patch- 
ing and building up of the mold after the pattern has been taken 
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out. To obviate this difficulty and remove the trouble entirely it 
is only neccessary to taper the pattern as shown at B, Fig. 8i 
Then, in molding, the pattern is so placed that the larger flat side 
will be on top, the smaller side C at the bottom of the mold. 

Always, before commencing to "draw" a pattern the molder 
will thrust a screw or a sharp pointed rod into the pattern and 
strike side wise on the rod, just above the pattern, several smart 
but light blows with a small bit of metal — a spike or a bit of rod. 
This causes the pattern to free itself from the sand. The molders 
call this action "rapping" the pattern and it should be done cau- 
tiously and with a good deal of care, otherwise the mold will be 
made too large by excessive rapping -and the truth of the casting 
seriously affected. 

When large patterns are made it is customary to add one- 
eighth inch to each foot of every dimension. This quantity is 
called the "shrink" of a pattern or a casting and it just makes up 
for the amount which the casting "shrinks" or contracts during 
the act of cooling. In making very small patterns no "shrink" is 
allowed, for the reason that the rapping of a pattern usually en- 
larges the mold just about enough to make up for the "shrink" of 
the casting. 

The taper which should be given to a pattern — the "draft," 
as it is called in the foundry — need only be very slight. One- 
sixteenth of an inch on each side of a pattern will allow one- 
eighth of a inch clearance when the lower edge of the pattern 
comes to the top of the mold, and this amount of "draft" will 
make it easy to get a pretty large pattern out of the sand without 
trouble. And here comes up another nice point in making pat- 
terns. It is usual to so arrange the draft on a pattern that the side 
which is of the most importance shall be at the bottom of the mold 
when the iron is poured in. The bottom of a casting is always the 
best side and is the most free from blow holes, slag or other 
imperfections with which castings may be afflicted. 

CASTINGS BROKEN BY POOR DESIGNING. 

As regards the cracking or breaking of castings through 
poor design, this matter is graphically shown by Figs. 82 and 83. 
In Fig. 82 the casting is for a grate, but the principle is the same 
as for a pulley or a gear. When a pattern is made with a heavy 
circular ring connected at intervals by bars, or continually by a 
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r disc, it is very certain that the casting will come out of the 
i broken in one or more places. Fig. 83 aids in understanding 
Sly such breakage occurs. The heavy circular rim holds the heat 




Fig. Bi— Thi 



Rich longer than the small bars comprising the lattice work of 
fce grate, so that the rim is still hot after the grate has cooled. 
Tlien, when the ring cools, the grate portion is crushed and is 
forced up into a more or less conical shape until the bars break or 
until the cooling strains are equalized. Should the grate be made 
thick and the outside rmg thm. then the rmg would coo! first and 
the slow coohng bars would pul! themselves in two during the 

Iirain adjustment. It is for this reason that castings must be so 
ftjportioncd that coohng "^trams will not distort them 

The study of an engineering handbook will enable the smith 
ro properly design a casting that the strains may be properly dis- 
tfibnted. This is important to the smith because it is quite 
possible for many a smith to set up a small cupola and melt iron 
and make the casting required. This is another "expansive" 

method by which the smith can increase his cash account when 

s not a foundry near at hand. 



CHAPTER XVI. 



SPEEDING A CIRCULAR SAW. 

It frequently happens that the power-using smith finds him- 
self "up against it" when a new machine is to be put into the 
shop. Perhaps the lathe and drill press are working profitably 
and it is found necessary to put in a circular saw. Such a tool 
will require power enough to drive half a dozen lathes and the 
speed of the saw is so much faster than is required at a screw- 
cutting lathe that serious complications arise in obtaining suffi- 
cient power to drive the machines and to get the proper speeds 
when the necessary power is to be had. If a circular saw is to be 
set up its speed must first be determined. The "rule of thumb" 
for speeding a circular saw is to run it a mile a minute. That is, 
the periphery of the saw (the toothed circumference) should 
travel at about 5,280 linear feet to the minute. If a lo-inch saw 
is to be used the speed of the saw arbor should be about 1,960 
revolutions to the minute. If it is to be a 20-inch saw, then 980 
revolutions will be enough to give the same tooth velocity. 

According to the above rule, a 6-inch saw should make 
3,350 turns to the minute, while a 36-inch saw should run only 
about 540 turns, while a 48-inch log saw should trundle along to 
the tune of only about 400 revolutions to the minute. But the smith 
will get into difficulty at the start. The saw bench he is intend- 
ing to set up is fitted with saws ranging from 6 to 18 inches in 
diameter, and evidently the speed which will be right for one 
size of saw will be wrong for some of the other sizes. It is for 
the above reason that some saw arbors are made with a stepped 
pulley to receive the driving belt, in order that the small saws 
may be driven at greater speed than the larger saws, thereby ap- 
proximating the correct speed for each size of saw — a rough ap- 
proximation, to be sure. 

136 
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While the 6-inch saw should nm 3.350 revolutions, the 
l8-inch saw should be speeded at only I. no revolutions. In a 
case like this it is well to under-speed the small saw considerably 
and over-speed the large saw only slightly, giving the saw man- 
drel a speed of say 1.660 revolutions in order to obtain the best 
average results. At 1,660 revolutions a 12-inch saw would have 
the proper speed and all other sizes would run either too fast or 
too slow, according to their diameter. It is probable that saws 
about 12 inches in diameter would be used more than any other 
size, hence that speed is the nearest right. 

If it should be desired to speed up the mandrel for a smaller 
:jiaw the speed would be too great for the large saw, its rim 
would stretch under the tremendous centrifugal force and the 
saw would "wander" around from side to side, instead of stand- 
ing up stiffly and cutting a straight kerf. If it is found necessary 
to speed up for a small saw the larger saws may be hammered 
for the high speed at which they nm all right after the center of 
the saw had been stretched by hammering, but saws thus ham- 
mered would not run well at a slower speed than they were ham- 
mered for. 

Having thus found that it may be necessary- for the smith to 
change the speed of some or of all the shafting in the shop when 
another machine is to be put in, it will be in order for the smith 
to provide pulleys which will give the proper speed to shaft or 
to machine. It may be found necessary to provide a pulley 48- 
inch diameter. 8-inch face, to fit a 2 7-16-inch shaft. Such a pul- 
ley may be found at the nearest machinery depot or hardware 
store. If so. buy it by all means. Probably a wooden pulley will 
answer all requirements and its cost will be only about one-half 
that of a cast-iron pulley. Sometimes wrought steel split pulleys 
are obtainable. These are very desirable pulleys and give excel- 
it service. 



But perhaps there is no pulley in the store. More frequently 
there is no store, and the smith must hie himself to some more or 
less distant foundry which happens to have a pulley pattern of 
the required dimensions. But there is a way by which the smith 
with a lathe can get up a fine pulley even cheaper than the pric; 
of a wooden one. Let him make up a pattern of a flanged hub, 
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something as shown by Fig. 84. This pattern may be turned up 
in the screw-cutting lathe. It is more fully shown by the sec- 
tional view in Fig. 85. 

To make this pattern drawings are first gotten out and the 
several dimensions determined as a matter of course. The pul- 
ley is to consist of several layers of 
dressed lumber, each layer with the 
grain crossed against the adjacent 
layers, and glued and nailed firmly 
together. The thickness of the web 
thus made to be about 3J4 inches, and 
consisting of four thicknesses of %■ 
inch stuff. The remainder of the pulley 
face to be formed of six layers, three 
Fig. B4— Flanged Pulley Hub. on esch Side, of ^-inch Segments, 
nailed and glued in place as shown by Fig. 86. 

The diameter of the cast-iron hub is determined by the diam- 
eter of the shaft on which the pulley is to be placed. In this cas; 
it is 2 7-16 inches, therefore the hub must be large enough to 
bore that diameter and still possess sufficient metal to stand 
the strains of work. In this case another matter determines the 
thickness of the "wall" of the hub, as the section outside the 





Fig. 85— S«Mion»l 



Fluged Pulley Hub. 



bore is called. The diameter of set screw is the determining fac- 
tor. As the pulley is to be 48 inches in diameter and must carry 
an 8-inch belt there will be exerted to shear off the set screws a 
power of 8x40=320 pounds; the pull of the belt, exerted 
through a leverage of 24 inches, against another leverage of 
about ij4 inches (half the diameter of the shaft), about 19.2: 
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D X ig.2 equals about 6,150, slide rule calculation, and allowing 
i factor of safety of 5, about 30.700 pounds of shearing strain for 
the set screws to hold. It is never well to subject set screws to 
more than 45.000 pounds to the inch strain in single shear, as 
set screws are exposed, therefore it will require 30,700 divided by 
45.000, or 0,685 square inch of set screw section. 



PSIZE OF SET SCREWS. 
A ^-incli set screw is about J^-inch in diameter at the bot- 
tom of the threads (0.507) and its sectional area is about 0.2 
square inch. To obtain a total area of 0.^5 divided by 0.2, 
which equals 3,42, showing that more than three ^-inch set 
screws are needed, therefore four must be put in. As ^-inch 
screws are to be used the wall of the hub need only be thick 
enough to serve as a nut for the screws, the thickness of wall 
needs be equal to the diameter of the screw, or 5^-inch. Thus 
twice 5^-inch added to 2j^ inches, gives 3J4 inches as the neces- 
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^^ary thickness of the hub. As it is desirable to get rid of frac- 
tional measuremenls when just as well without them the drafts- 
man would call the hub 4 inches in diameter. In all designing. 
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care should be taken to keep to even dimensions, and it can usually 
be done without increasing the cost. 

The length of the hub should be such as will permit the set 
screws H, H, and G, G, of the sectional view in Fig. 85, to be 
placed outside of the solid web of the pulley. The smith can de- 
termine this dimension for himself. The flange, C, is next to be 
figured and dimensions obtained for it. Here is a piece of metal 
which must stand the strain of several bolts in single shear the 
same as set screws, only the bolts being further from the center 
of the shaft the leverage is reduced. The bolts must be placed 
far enough away that the nuts can be turned outside of the hub, 
say 2 inches away, therefrom, making the total distance about 4 
inches from the center of shaft. Therefore the leverage for these 
bolts will be 24 divided by 4, or 6. The strain on the bolts will 
therefore be 320 x 6 or 1,920 pounds, and with a factor of safety 
of 5 the strain amounts to only about 9,600 pounds, against 30,- 
700 pounds which the set screws had to withstand. It will be 
seen that the bolts can be quite small, but they should not be made 
less than 7-16-inch or J/$-inch on account of the danger of twist- 
ing them off when screwing up the bolts to tighten the wooden 
web of the pulley. 

THICKNESS OF FLANGE. 

For the same reason the thickness of the flange should not 
be made less than ^^-inch, for fear that it be broken by setting 
up some of the bolts while the wooden web does not bear fair 
upon the flange, thereby setting up strains foreign to the work 
the flange is designed for. The total diameter of the flange 
needs to be considerable in order to secure a good bearing of 
the web against the iron and make the pulley run true. A dis- 
tance outside of the bolts equal to the distance from bolts to 
hub would appear to be about right. This brings the bolt circle 
8 inches in diameter and the flange 12 inches in diameter, making 
what appears to be a well-proportioned design. 

The smith now has the design of the hub all figured out and 
it is an easy matter to lay it down on paper. The next thing is 
to proceed with the pattern, which should be made of well-sea- 
soned white pine or mahogany. Bay wood is used a great deal 
for patterns, and they are charged for as made of mahogany. 
Never try white wood for patterns. It will not work well if to 
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^ used after being kept for a while. Patterns made from white 
1 will twist out of shape and become useless. 

SPLIT PATTERN — CORED HOLES. 

This pattern may be molded if made all in one piece, but 
it will work much better if made in two pieces. It had best 
be divided cross wise as shown at A, Fig, 85. By dividing in the 
middle of the flange all the bolt holes may be made by green 
sand cores, whereas if the pattern be divided longitudinally, 
through a, b, sketch A, Fig. 85, the holes in the flange must be 
drilled, as they cannot be cored when the hub is thus divided. 

In practice, the piece d should be turned up, making the 

;ess at / to receive a corresponding projection on piece c. 

le holes in the flange are then made tapering as shown in 
both views, and two projections are left, one at either end of the 
hub, as shown by a and b. These projections are called "core 
prints" and are made the same diameter as the hole desired 
through the hub. As the hole must be cored to 2 7-16-inch, 
some metal must be left for machining, therefore a core about 2 
inches in diameter should be provided for, which means that the 
core should be of the same diameter as the prints and of a length 
equal to the distance from end to end of prints a and b. 

For special cores it is necessary to make a "core box," in 
which the cores will be made, but for round cores no box is 
necessary, as every foundry is supplied with these boxes and keeps 
round cores of all sizes made up in advance, which may be cut 

rto the required length when wanted, 
CORNERS ON PATTERNS. 
In making the drawing for this casting, and for any other 
casting, the smith should always avoid as far as possible a square 
corner where two surfaces come together. Note in the sketches, 
particularly at A, Fig. 85, the connection between the hub d and 
flange c. There is shown a rounded comer like that at A, Fig, 
87. N'cver permit or show a comer Uke B, Fig. 87. Such a 
corner is weak and fosters coohng cracks in the casting which 
frequently spoil castings containing them. Whenever two sur- 
faces intersect in a casting see that the junction is nicely curved 
with as long a radius as possible between the two. Always 
specify on the drawing the radius of any corner. The comer in 
question is marked for a fillet of i-6-inch radius. 
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When two planes are to be joined in a pattern drawing hold 
up the hand and note the fine curve joining two fingers when they 
are slightly parted, as is shown in Fig. 88. It is a safe curve 




Fig 87 — Corners on Drawings and FUUrns. 

pattern to follow at all times. In making some patterns it is easier 
to make the corners square and sharp and fill them afterward to 
the desired radius. In cases of this kind the comers would be 
put together square as at B, Fig, 87, and afterward filled with 
leather, beeswax or putty. The methods are preferable in the 
order named. A method of filling a comer 
with beeswax and a hot iron rod is shown 
by Fig. 87, at C. The wax is melted in and 
molded and smoothed with the heated nsd, 
after which the surplus wax is removed. 
Putty is used in the same manner and set 
with the same tool, except that, with putty, 
the tool does not have to be heated for its 
application to the pattern. The leather 
fillets, C, Fig. 87, may be purchased by the 
yard of any desired radius and it is only nec- 
essary to wet a piece of leather fillet, apply 
a little glue and rub the fillet into the comer 
with the same round tool described above. 
This tool need not be heated for the leather. 

PAINTING PATTERNS. 
In making a pattern where core prints are used it is custom- 
ary to paint the body of the pattern black, then when there are 
core prints paint them red, as a guide to the molder in setting the 




In making up the pulley the several layers of lumber should 
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aU be gfotlen out, fitted and marked, then put in a dry house or 
over a steam boiler until thoroughly hot clear through. The hot 
glue should be quickly applied and the several layers of wood 
nailed together. The wood must be hot enough to keep the glue 
melted while the putting together is being done. After the pulley 
is finished and has become dry, it should be mounted on a piece 
of shaft and turned smooth all over. 

The shaft with the pulley upon it should then be placed on 
stiff level strips of iron, and the pulley balanced so it will stay in 
any position without trj'ing to revolve a heavy side down. If 
such a thing happens, and it is the rule rather than the exception, 
drive nails into the light side of the pulley until it will lie in any 
position without the least tendency to rotate. Sometimes it is 
-necessary to bore holes and insert pieces of iron or lead to bring 
i pulley to a balance. 

BOBIKG THE HUB. 

One very important operation has been overlooked — that of 
ioring the hub, but the smith is prepared for that operation once 
: finds a way of mounting the hub upon the face-plate of the 
But that operation is really very simple. All that is nec- 
is three or four smalt blocks. Place them between the hub 
i-flange and face-plate and bolt the hub in place by means of bolts 
through the flange. Place the block C (Fig. 46. page 83) close 
to the bolts and tighten up. adjust and pack under one or more of 
tlic blocks until the working face of the flange and the hub both 
run as true as possible. Then the hub is ready to be bored out 
with an ordinary tool or to have a chucking drill passed through 
it — and that finishes the lathe part of the job. 

The smith in making the pattern of the huh will give it a 
little taper or draft in the direction it is to be pulled out of 
the sand. Thus the smith finds it necessary to think out the 
manner in which the molder will make up the mold and how the 
pattern must he drawn out of the sand. The smith must also 
bear in mind that the best side of any casting will be downward 
when the iron is poured into the mold, and will govern himself 
accordingly in giving draft. In this casting the side of flange ad- 
jacent to long portion of hub should be the best side, hence the 
pattern is arranged to be molded with that side of the flange 
downward when the iron enters the mold. 
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SHAFTS, PULLEYS AND BELTS. 

In almost every shop where power has been installed there 
is to be found one or more belts which are always giving trouble, 
while the rest of the belting does the work easily and satisfac- 
torily. There is a reason for the failure of every belt, and a 
close study df the conditions under which the belt is required 
to give service will surely reveal the cause of the trouble. 

Some of the catalogues issued by the builders of power 
transmission machinery contain tables showing the power to be 
derived from a belt of given width on a pulley of stated diameter. 
These tables are usually calculated for a speed of loo revolu- 
tions of the pulley each minute. To find the belt power for any 
other speed simply divide the given power by loo and multiply by 
the given speed, or, which is a little easier, multiply the given 
power by the speed and cut off the two right-hand figures; the 
remaining figures will be the power which should be transmitted 
at the given speed. 

The tables referred to usually are based upon a belt pull of 
88 pounds to the inch of belt width for double belts and 66 pounds 
to the inch of width for single belts. It has for some time been 
the practice of the writer to discard the published tables alto- 
gether and calculate the power required separately for each belt. 
The writer has designed several factories in which there was no 
such thing as a belt which slipped or failed to do all the work 
expected from it. The secret or rather the cause of this invariable 
good service from all the belts was due to one thing: instead of 
allowing 88 pounds pull to the inch of belt width the writer allows 
only 40 pounds and this, too, for double belts. As for single belts, 
they arc never considered — all the belts used are double. 

WIDTH OF BELTS. 

Suppose power is being put into the shop and a ten-horse 
motor is to be belted. There usually is a wheel on the motor 
shaft, but sometimes that must be supplied by the purchaser, in 
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which case he is more at sea than ever as to the proper width 
of bell to use. Ascertain the speed at which the motor will run 
and tile rest of the calculations are rather easy. 

Ten horse-power means lo X 33iOoo pounds lifted one 
foot high in one minute, or 3.10,000 foot-pounds. If the n'Otor 
makes 200 revolutions each minute, then there must be supplied 
3,10,000 -T- 200, or 1.650 foot-pounds to each revolution of the 
motor shaft. Assume the diameter of the wheel to be placed on 
the motor shaft and calculate the width of belt necessary, then 
if the width thus found be out of proportion it can be changed 
by increasing or diminishing the diameter of the wheel in 
question. 

First, however, the 1,650 foot-pounds lo the revolution may be 
diminished by dividing it by 40, which wilt bring the answer 
directly in terms of inches of belt width. Thus. 1 ,650 -i- 40 equals 
4tJ4> which is the product of the pulley circumference in feet 
into its width in inches. If the given number be divided by 3.141 
ilting quotient of 13. i will be the product of the pulley 

leler in feet and the belt width in inches. Thus, if a 3-foot 
pulley is used the belt width should be 4.37 inches (slide aile 
calculations). Or, if an even inch width of belt is desired, the 
pulley diameter should be 39.1 inches. About 40 inches diameter 
by 4-inch face would be the proper thing. 

Should it be found that the speed imparted to the line shaft 
would be too great with the 40-inch pulley, it is only neces- 
sary to divide 13.1 by the width of the belt, or by the diameter of 
pulley wanted, in order to settle the matter satisfactorily. Thus : 
13.1 ~ 5 equals 2.62 feet, or 31^ inches. Or, if a 24-inch pulley 
is wanted, the necessary belt width to carry 10 horse-power will 
be 13. 1 -T- 2, or 6.5s inches. A 7-inch belt would do the business 
on a pulley ZiVj inches in diameter. 

tCOST OF PULLEYS AND BELTS. 
It is an easy matter to carry this scheme of calculation 
all the pulleys throughout the shop and thus obtain the best 
possible form of transmission. But there are two other things 
to be taken into account when calculating the pulleys for a shop, 
and those things are: the cost of tlie pulleys and belts. I-arge 
pulleys cost more than small ones, and wide belts are much more 
costly than narrow ones, and these points must be carefully cal- 
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culated and compared with each other in order to select the 
pulleys and belts which will carry the required power with the 
least outlay for pulleys and belts. 

A 40-inch pulley with a 4-inch face may cost $14.10, while 
at the same rate of cost a 22j4-inch pulley with a 7-inch face 
should cost $7.85. It is the cost of belt which makes the small 
wide pulley transmission a costly thing. Estimating the aver- 
age length of a belt to be 25 feet, and the cost of a 4-inch belt to 
be 80 cents a foot, the cost of a 7-inch belt will be about $1.30 
a foot, or $20, and $32.50 for the two belts of 25 feet each in 
length. This shows that the saving of $6.24 in buying the smaller 
pulley was offset by an additional expenditure of $12.50 in the 
cost of the belt, thus saving exactly half, or $6.25, by purchasing 
the larger diameter pulley with the narrower face and the lesser 
belt. But there is another factor which has not been taken into 
account. The belt must run over two pulleys and we have calcu- 
lated the cost of only one. Should the belt run on a pulley of the 
same diameter on the driven shaft, then the loss in buying a large 
diameter pulley would exactly equal the saving in procuring the 
narrow belt, and it is evident in this case at least that it would 
make no difference which form of transmission was used. 

Thus the length of belt enters twice more into the calcula- 
tions, for with the large wide pulleys there will be a little more 
belt length than with the small wide face pulleys, and if the dis- 
tance between shaft centers be greater or lesser than the equal 
cost figure, then the saving by using either large pulleys or wide 
belts would have to be calculated for each shaft distance and 
pulley diameter. 

SLIPPING BELTS. 

All other things being equal, the pulley of large diameter 
should be used for the reason that a belt is much more apt to 
slip on a small than on a large pulley. The surface in contact 
between belt and pulley is much greater on pulleys of large diam- 
eter than on small ones, hence the slip comes on the smaller pulley 
every time. There should be a limit to the size of pulleys used 
in transmitting power, especially a limit as to the smallest diameter 
which should be used. The writer, in a somewhat extensive 
practice, has for several years followed strictly the rule never to 
put a pulley less than sixteen inches in diameter on any shaft 
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: another or a machine. Of course this docs 
ys on machines, for these are at "owner's risk," 
] the maker of the machine is responsible for their behavior, 
s a mighty good and safe rule to follow that a pulley should 
?ver be used with less diameter than twice the belt width, and bet- 
ter three times. Use this rule and give only forty pounds load to 
cacli inch of belt width and you will never have a belt fail to do 
^^U that is asked from it. 

^^1 Small pulleys must be used on some machines, and when 
^^pch is the case increased adhesion can frequently be obtained 
^Trtien the belt must run at exceedingly high speed by turning 
shallow grooves or channels in the face of the pulley, the channels 
being made abou >8-inch wide and Yi inch apart. Holes are 
drilled about two inches from each other along the groove, around 
the entire circumference of the pidlcy in each groove. The object 
of the grooves and holes is to let the air escape which would other- 
wise be caught between the fast running belt and pulley surface. 
The arrangement above described has been made the subject 
of one or more patents and is known as the "pneumatic pulley " 
Just how much stock to take in this device each user must decide 
for himself. 

There is quite a paradox in the action of pulleys and belts, 
one man claiming that the more surface contact between pulley 
and belt the more the belt will pull. Therefore the man who 
increased the contact to the very limit by carefully polishing the 
face of the pulley so that the belt might come surely in contact 
with as much of the iron as possible totally failed in his calcula- 
tions, for when the pulley failed to drive the belt load, and slipped 
merrily around, tum after turn, a bystander promptly cured the 
trouble by taking a bastard file in both hands and nithlessly 
spoiling the beautiful surface on that pulley by draw-filing the 
entire face. Then the belt went right to business and never 
slipped an inch. 

BELT ADHESION. 
The "pneumatic" pulley is another contradiction of the theory 
that the greater the contact between pulley and belt the greater 
will be the power transmitted. The theory fails here bv the fact 
that cutting away one-fourth the pulley face surface by grooves 
and holes increases the adhesion of the belt. In view of these 
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facts it is well to cut out the statement that the power of a belt 
increases according to the increase of contact between pulleys and 
belt. Instead just write : "The power of a belt increases with 
the arc of contact, not with the increase of surface." With this 
supposition the paradox disappears and nothing but a statement 
of fact remains. By "arc of contact" is meant the distance the 
belt laps around the pulley. It seems to make no difference what 
kind of a surface there is^ unless it is so polished that the belt 
cannot get hold of the pulley surface. This is proven by running 
a belt on a spur gear used as a pulley. It is found that the gear 
imparts fully as much power to a belt as if a pulley were used. 

BELT SPLICING. 

The proper method of joining together the ends of a belt is 
another very much discussed subject and one which will be in dis- 
pute as long as belts are used. The writer is, once for all, and all 
the time, in favor of a cement splice, thus making the belt an 
endless one. But where this is done there must be some way of 
tightening the belt, for it is too much work to take up a belt with 
a splice in it. Either a "binder" or tightener" must be used or 
the driven machine must be so that it can be moved forward or 
back to accommodate the belt. Electric generators and motors 
are all built thus. When the belt needs tightening it is only 
necessary to tighten up a screw and the machine slides right back 
until the belt is sufficiently tight. 

Next to the "endless" belt comes the belt with the ends joined 
by means of "Bristol" belt hooks. This fastening is a thin piece 
of steel with the edges cut into teeth and turned square with the 
body of the strip, which is made in lengths of one-fourtii to three 
inches, varying by quarters of an inch, so that pieces enough may 
be placed end to end to reach across the width of any belt. To 
apply these fastenings the ends of the belt are cut square, then 
placed smoothly together on the end of a block of soft wood. It 
is better to hold the belt ends firmly upon the block by means of 
a nail or two in each belt end. Select such sizes of fastenings as 
will reach across the belt to within one-fourth inch of each edge. 
Put the pulley side of the belt next to the block, then with a small 
hammer carefully drive the fastenings into the belt, keeping the 
rows of teeth equidistant from the splice. Drive the fastenings 
clear down to the belt, then remove from the block, turn the belt 
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over and place it on a piece of iron, then clinch the small steel 
teeth, keeping them all pointed toward the joint or splice and not 
letting any of them bend down in other directions. After the 
teeth have been all bent down take a heavier hammer and drive 
the teeth below the surface of the belt, so they will not touch the 
piilley. Upon the driving down of the points depends the smooth 
running of the belt. 

These fastenings are made in several sizes and weights. The 
Nos. 10, II and 12 used on four-ply, five-ply and six-ply rub- 
ber belts respectively. No. 11 being an- all-around fastening if no 
other size is to be provided. These fastenings take up but about 
one inch of the length of the belt, hence when they arc cut out — 
they never can be used but once — they destroy only one inch of 

ftbe belt length. 
1 BELT LACINGS. 

I The next choice to the Bristol belt hook is the time-honored 
lacing of sheepskin or horsehide, and the Blake belt stud, a small 
alTair made of brass with a T-head on either end of it. Both 
these studs and the Bristol fastening do not remove any of the 
belt, hence the joint or splice made with them is the strongest pos- 
sible. When a belt is punched for lacing some of the material is 
removed by the punch, therefore the belt is weakened the exact 
amount of materia! thus removed, hence small holes should always 
be made when a belt is to be laced and the necessary strength of 
lacing provided by punching two rows of holes, one behind the 
other, thus doubling the amount of very narrow lacing which 
may be used, without increasing the amount of belt cut away by 
punching. 

And now just a few words in regard to the kind of belt the 
smith should purchase for use in the shop. There are three kinds 
of belting, leather, rubber and "impregnated stitched cotton." 
The latter is known locally as "Gandy," "Rub-oil." "Mount 
Vernon," and by a dozen other names. This belt was patented by 
Mr. Gandy and took his name. Since the patents expired numer- 
s mamifaclurers have given their attention to this kind of belt, 
h disastrous effects upon the quality of the belts turned out. 

Qt'-M-ITY OF BELTS. 

These belts are strong, stand the weather well and can be 
1 in wet places the same as rubber, but the great fault with 
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them is their tendency to stretch. If used on shafts with a good 
distance between centers, with a load of only 40 pounds pull to 
the inch of width, then Gandy belts will run well and give little 
trouble by stretching. But overload them or use them on pulleys 
close together and they give a great deal of trouble, need to be 
continually taken up, and slip upon the least provocation. The 
writer has equipped many factories with them and will do so 
whenever it is possible to use the belts at a maximum of 40 
pounds pull to the inch. Under other circumstances let these 
belts severely alone. 

Leather belts are the most costly of all if they arc properly 
cut out of the back of the hide or skin. The best belts are known 
as "short lap" and no piece of leather in one of these belts is 
more than four and one-half feet long. In belts other than short 
lap the pieces run up to seven and even eight feet in length. 
These should be avoided. 

Rubber belts are made of cotton duck similar to the "Gandy" 
but coated with rubber instead of being filled with oil. The g^reat 
defect of the "rubber" belt is the lack of rubber in its construction. 
The increased scarcity of rubber leads to substitution of other 
things, to the great detriment of the belt. 



CHAPTER XVIII. 



THBEADINC PIPES IN THE LATHE. 

One thing which the smith with a screw-cutting lathe will ' 
surely be sooner or later called upon to do is to thread sundry 
pieces of steam pipe. Indeed, it may have to be done in the course 
of the regular shop work and it is well to be prepared in advance 
for anything of this kind. 

But before telling how to thread pipes in the lathe it will be 
well to tell how pipes are dimensioned. When we say "a half-inch 
pipe" little idea of the actual dimensions of that size of pipe is con- 
veyed to the person unaccustomed to handling or working pipes, 
for the reason that"half-inch pipe" is not one-half inch in diameter, 
either inside or outside. The nominal diameter of pipe is given in 
the dimension "half-inch pipe." not the actual diameter, is always _ 
larger than the nominal diameter, especially in the smaller sizes. i 

Pipe commonly known as "one-half" is actually 0.623 '"ch ' 
in diameter inside and 0.840 inch diameter outside, hence the 
term "half-inch pipe" is apt to be misleading unless the user hap- 
pens to be posted in regard to pipe sizes. The following table con- 
tains so much valuable information concerning steam, gas and 
water pipes that it is given in its entirety, instead of being 
abridged, as was the first thought of the writer : 



Uf. 
























I 1K 




























































































































































i' 




J 






■ 














■'« 


?!■! 


i' 


























































































































s 




■s 




■ 




















!!■ 









































































































































































































































































































































































































J 



152 THE SCREW-CUTTING LATHE. 

It will be noted that pipes are invariably larger than their 
nominal diameters, especially in the smaller sizes. This is very 
confitsing at first to the man who has to do with pipes, but it is 
something which he soon becomes accustomed to. From the table 
it will be seen that there is a break in the gradual increase of 
thickness in pipe, occurring at the 15-inch size; the thickness of 
the 15-inch, 16-inch and 17-inch being the same as the 6-inch, 
7-inch and 8-inch, nearly. However, as the smith will probably 
have a very limited acquaintance with these sizes of pipes, the 
discrepancy will not worry him in the least. 

SIZE OF PIPES. 

The columns in the table which give the length of pipe neces- 
sary to contain one square foot of surface are very valuable when 
calculating pipes for heating purposes. So, too, are the columns 
giving the length of pipe containing one cubic foot and the column 
of weights. 

It will be noted that pipes are threaded in a peculiar manner 
and that only five pitches are used. This makes the matter of pipe 
threading in the lathe a very simple matter, for of the pipes 
likely to be threaded in the lathe only the sizes taking ii, 5 and 8 
threads to the inch are likely to be called for. The smaller pipes 
are usually threaded with a die, as are some of the larger pipes, 
but the lathe is very often used for threading pipes of 2 inch and 
upward in diameter. 

Obviously, the first thing to do when a pipe has to be threaded 
in the lathe is to get the pipe into the lathe in such a manner 
that it can be cut off, if necessary, and threaded when of the 
right lengfth. If only a short piece of pipe is to be handled then 
it may be placed between centers, the tailstock set over for the 
required taper and the threading proceeded with in the usual 
manner. But it is ten chances to one that the piece of pipe is 
longer than can be put between centers, even if it is not fully as 
long as the lathe bed itself. 

SPECIAL PIPE TAIL-CENTERS. 

A piece of pipe mJty best be held to the lathe spindle by 
catching one end of the pipe in a chuck, the other end being 
supported by the tail-center or by a steady rest. If a tail-center is 
to be used on large pipe a special form should be used, something 
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f shown by Figs. 89 and go. In Fig. 8g. a tail-center is shown 
'hich is made in two pieces. 

The main portion. D, is fitted to the tail spindle in the usual 
manner, but instead of being pointed at A the protecting part is 
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J, 89— sh( 



made parallel in the form of a bearing, upon which revolves the 
Lcnter portion of the tool, B. .\ shoulder. C, takes the thrust of 
the work and prevents the center, B, from slipping down the 
thank D. which is, as slated, fitted into the tail spindle. That por- 
tion of the center between A and B is lubricated, so that the pipe, 
instead of turning upon the shell, B, carries that appliance with 
it and revolves on the lubricated portion instead of in the contact 
between pipe and shell B. This insures very smooth and steady 
running, making it unnecessary, as often is the case when a solid 
renter is used, of reaming out the inside corner of the pipe so that 
it could run tnie on the center. 

When very large pipes arc to be threaded another shell center 




shank 

as is shown by Fig. 8g and interchanges simply by removing one 
and slipping the other in place. Both these shells may be made 
of cast iron or of any material which comes to hand. An old 
water wheel step furnished material for a shell to accommodate 
pipes between two and six inches in diameter when the writer 
happened to be looking for stock for a pipe center. A hcrfe should 
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be drilled in the dead center, D, Fig. 89, for oil. This hole can 
be drilled through A, and another hole to meet it drilled through 
C, the hole in A being plugged at its outer end and one or two 
other holes drilled to the circumference of A, crosswise through 
the longitudinal hole, so that oil can find ready access to all parts 
of the bearing between A and B. 

CUTTING OFF AND CHUCKING. 

• 

For cutting off steam pipe use an ordinary cutting-off tod, 
from % to >^ inch wide, according to the thickness of pipe to be 
cut. When the tool is nearly through the wall of the pipe great 
care should* be taken to prevent the tool from catching in the cut 
portion of the pipe. If the tool be allowed to catch there is great 
danger that the pipe will be torn out of the lathe, to the probable 
damage of the lathe tools and perhaps the lathe itself. When the 
tool begins to break through the pipe run the belt almost off the 
pulley, using the belt shipper for that purpose, driving the lathe 
very lightly, so lightly, in fact, that if the tool breaks through 
it will slip the belt and stop the lathe, thus preventing the possible 
breakage of tool or lathe. 

Having cut off the pipe to the required length, the next step 
is to mount the piece to be cut in the lathe in such a manner that 
the slide-rest can be brought to the portion which is to be threaded. 
If the pipe is less in length than the bed of the lathe this can easily 
be done, although with a very long pipe it will be necessary to 
remove the tail-stock entirely and move the slide-rest down to its 
place. But when a piece of pipe must be threaded which is longer 
than the entire lathe, then special rigging must be used, which 
will be described in a later paragraph. 

The face-plate chuck and the steady-rest form about the 
best mount for a bit of pipe in the lathe, and it will be considered 
that this form of drive has been applied to the pipe in question 
and that the steady-rest has been set within two inches of the 
thread to be cut, say three inches from the end of the pipe. The 
next step is to taper the pipe as required for the thread. The 
standard taper of all water, steam and gas pipes is J4 inch to the 
foot. 

When the tail-center is used the tail-stock may be set for- 
ward to give the desired taper, but this is not possible with the 
steady-rest, or with a pipe gripped in a face-plate chuck. It is 
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^Kessar>' to turn the taper by the eye, which can be rery closely 
aone after a little practice. But the first few times it will be 
well to use a pair of callipers to get the proper taper. Three- 
fourihs of an inch to tlie foot means about .0781 inch to a thread 
I ] 4 inches long, or about 5-64 inch taper. As this amount is what 
the pipe thread should taper in ij4 inches, it is only necessary to 
set the callipers to the outside diameter of the pipe, as taken from 
the table, then screw up the instrument 5-64 inch and turn the 
end of the pipe to tliat diameter as given by the callipers. Then 
it will only l>e necessary to start a cut 1% inches, or less, accord- 
ing to the diameter of tlie pipe, back from the end, and turn 
as good a taper as the eye will permit, right down to the diameter 
already cut on the extreme end of the pipe. 

When the end of the pipe is thus prepared it is very easy 
Sit the thread, as it will only be necessary to turn away at the 
fead until it becomes full at the very end of the pipe. Then, if 
p taper has been well made, the thread will have the same incli- 
ilion, which will be the taper desired to allow the pipe threads 
tenter each other easily. 

CUTTINC A TAPER TIIBEAD. 
To make the tool cut an even thread along the entire length 
fcthe tapered portion of the pipe is the next problem for the 
li to solve. Like many other problems, it is a very easy one to 
|ve when the right method is nsed. Assume that the pitch of 
B cross-feed screw is eight threads to the inch. Then it is evi- 
t that one turn of the screw will advance the tool '/a inch. 
t taper of the pipe thread is about 5-64 inch, or 2'/2 sixty- 
iirths on each side of the pipe. This is the amount the thread 
1 must be advanced in order to cut die taper required, One- 
ftlth inch equals 8-64 inch, the advance of the toot to each turn 
I the cross-feed screw, hence to advance the tool the required 
>unt the cross- feed screw must be turned 2]'i eighths of a turn, 
Ea little less than 5-16 of a revolution. 

When the thread to be cut on the pipe is No. 8, as it is 

I large sizes of pipes, the work must make about 10 revolutions 

pile the tool is traveling from one end of the thread to the 

To cut a taper pipe thread with great exactness divide 

i circumference of the cross-feed hand wheel into 32 equal 

If there is no wheel, only a lever with crank and balance 
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ball, get out a disc of brass, tin or some other sheet metal and 
make it to slip over the nut which holds the handle on the cross- 
feed screw. Divide the circumference of the disc into 32 equal 
spaces, then when cutting the thread it is necessary to advance the 
cross-feed screw one of the spaces at each revolution of the pipe 
which is being cut with No. 8 thread. If other threads are to 
be cut a differently divided circle must be used on the cross- 
feed screw. 

For instance, should it be necessary to cut a No. Iij4 thread, 
the cross-feed disc must be divided into that number of spaces 
which will permit the disc to be turned the same fraction of 
a revolution — 2j/$ inches — while the pipe is being revolved about 
14 4-10 times — it requires that number of threads oi liyi pitch to 
make i J4 inches of thread. Therefore the disc should be divided 
into 56 (and a fraction) equal spaces and one of these spaces 
turned ahead on the cross-feed screw at each turn of the pipe. 
But as it is not always convenient to make two discs the 32 spaced 
one may be used, one-half a space being advanced at each revo- 
lution of the pipe. The difference is so slight that the error will 
never be noticed in the completed thread. 

TAPER-THREAD DIAL. 

After the workman has cut pipe threads for some time he 
will be able to do without the graduated disc and run the cross- 
feed screw in by guess, and he can come very near to making a 
perfect thread, too. Still, the graduated disc on the cross-feed 
screw should be used by beginners, and by skilled mechanics 
when very accurate threads are required. The same method 
may be employed when it is necessary to cut bolt threads on a 
taper cylinder, or to turn tapers, as well. 

The manner in which the dial is made and operated may be 
perhaps better understood by reference to Fig. 91. The cross- 
feed handle, A A, has fitted to its nut the brass plate B, and this 
plate in turn carries the dovetail circular clip C, which holds the 
pointer D. The circular edge of plate B is graduated, being 
divided into 32 equal portions as shown. By means of the pointer 
D any desired graduation may be indicated, as in the illustration ; 
the pointer is shown at space i. 

It is very easy when the tool is cutting to turn the cross-feed 
handle one division on the brass plate at each revolution of the 
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, and this wU! give the exact taper necessary to a per- 
t threa<l. While the tool is chasing along the length of the 
thread, being advanced one space each re\-oIiition. the lathe man 
has time to get ready for the next succeeding cut. ll is always 




necessary to draw back the thread tool while running back the 
lathe carriage for another cut. The tool must be thus run back 
to prevent the lost motion in the lathe connections from letting 
the tool lag liehind just enough to tear the thread during the re- 
turn of the cutting tool by a reverse movement of the lathe. 

During the progress of the cut the lathe man should move 
the index D enough to bring it to the left just the depth of the 
cut taken each time. Thus, if it be found that the depth of cut 
taken each time the tool travels along the pipe is equal to four 
spaces movement of the dial and hand wheel then during the 
prt^ress of the cut, in addition to revolving the cross-feed screw 
one space each revolution, the pointer must be moved to the left 
four spaces and at the beginning of the next cut it must be 
brought uppermost when the screw is advanced again after the 
slide-rest has been run to the beginning of the thread. 

That is, the lathe man runs the tool toward the work at the 
starting eml of the thread and stops at the beginning of each 
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cut with the pointer uppermost. Then he sets the pointer four or 
more spaces to the left, for the register of the next cut, and starts 
the lathe, advancing the cross-feed screw one space at each revo- 
lution of the pipe until the end of the screw is reached, when he 
reverses the lathe, gives the cross-feed screw two quick revolutions 
backward to bring the tool clear of the thread, then reverses the 
motion of the cross-feed screw again when the lathe carriage 
reaches the commencement of the thread and has been put back to 
the forward or cutting motion again. The expert workman soon 
gets so that he can make the several movements without stopping 
the lathe, except for the two reverse motions necessary, and at 
the beginning of each cut the dial on the cross-feed screw is 
brought to a vertical position at the instant the tool reaches the 
beginning of the cut. A very fine and accurate job of taper turn- 
ing can be done in exactly the same manner, but by using a suit- 
able tool instead of the thread tool above mentioned. 

THREADING PIPES LONGER THAN THE LATHE. 

The arrangement for cutting off and threading a short pipe 
which can be held between centers or in chuck and steady-rest 
will not answer when a pipe much longer than the lathe must be 
cut off and threaded. This is a job to make the machinist smith 
open his eyes when it is asked of him, but the problem is not a 
hard one. It only requires a little rigging up to be successfully 
accomplished. 

Say that a length of six-inch pipe was dumped in front 
of a ten-foot lathe with the request that twelve feet of that pipe 
be cut off the length and threaded. To do this remove the tail- 
stock from the lathe and set up the steady-rest about two feet 
from the face-plate, but put the slide-rest between the face-plate 
and the steady-rest. Put one end of the pipe in the rest, letting 
the point to be cut off overhang the rest toward the face-plate 
about three or four inches. If only a short piece has to be cut 
off it may be well to make two jobs of the work, catching the 
pipe in a chuck, cutting off as described in a previous paragraph, 
and afterward chucking the pipe as hereinafter described, with 
the end to be threaded overhanging the steady-rest three or four 
inches on the side next to the face-plate. 

Next rig a bearing for the extreme end of the pipe. A scant- 
ling set on end between floor and ceiling, with a bit of iron 
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mped on by means of a handscrew, is all that will be 
Mjuired. Failing the handscrew, nail a couple of bits of 
irdwood to the scantling, oil tlie place where the pipe revolves 
fed go ahead with the pipe cutting. Another way to hold a 
^ipe in this manner is to set up the scantling close beyond the end 
of Ihe pipe. Bore a hole in the scantling, press the shank of the 
pipe center into the hole, slip the pipe over and against the pipe 

fnter, and the outboard hearing is all rigged, and it only re- 
link to rig up some way to drive the pipe, the other end of 
iiich is a foot or two from the face-plate and fast in the steady- 
Fig' 92 gives an idea of one of the many ways in which 
internal driving of the pipe may be accomplished. The pipe is 
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^Rown at A, the scantling with pipe center inserted appears at B, 
^^niile the jaws of the steady-rest appear at C C, the body of the 
^^■Cady-rest and the slide-rest having been omitted from the 
Horawing for the sake of clearness. Two pieces of fiat bar iron, 
D D, are inserted in the end of the pipe as shown by the engraving 
and a block or a bit of iron — a nut, for instance — is slipped 
|(^Iwcen the bars at E to act as a fulcrum in such a manner that 
pen the ends of the bars next to the face-plate are pressed to- 
r the ends inside the pipe arc pressed outward against the 
tide of the pipe, thereby obtaining such a grip against the pipe 
ben the bars arc rotated by the face-plate the pipe is carried 
1 the bars, thereby effecting the driving of the pipe for pur- 
! of thread cutting. 

The next problem is to attach the ends of the lever bars to the 
i spindle in such a manner that they may revolve the pipe 
1 the spindle is driven by belt. To this end the round iron 
F is bent to pass through the arms of a small face-plate, the rod 
being secured to the arms of the face-plate by means of nuts 
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and washers on the inside and outside of both the arms through 
which the rods pass. To secure a properly rigid connection 
between the iron bars and the round iron F a bolt is placed 
through both bars as shown at H, inside the round U-bolt F, 
thereby clamping the bars rigidly to the face-plate, also to the 
pipe A, which must therefore always revolve in unison with the 
face-plate. The pipe is also held rigidly endwise by the same 
force which holds the pipe firmly to the face-plate, hence there is 
no danger that the pipe can slip sidewise, as when on centers 
and held by a dog, neither can it slide endwise, no matter how 
flimsy may be the support of the tail-center B. 

In order to make as rigid a connection as possible with the 
face-plate the bars D D should be as short and as stout as possible. 
There is no reason why the steady-rest should not be placed as 
close to the face-plate as possible and leave room for the slide- 
rest to traverse the distance required for the length of thread 
on the pipe. It is evident that when the bars D D are quite long 
there will be more or less spring to them, thereby allowing the 
pipe to rotate considerably under the pressure of the thread tool, 
but if the bars be made very short and as wide and thick as can be 
gotten into the end of the pipe, then there is little danger that 
the bars will spring enough to cause any trouble in the thread 
cutting. 

When actually cutting the thread on a piece of pipe do not 
try to cut with a pointed tool. Cut the thread to nearly the 
finished size with at least 1-32 inch ground off the point of the tool. 
A thread tool thus squared off on the end will stand sharp much 
longer than if the attempt be made to cut the thread with a 
fine sharp point on the tool. After the thread is cut down almost 
to size then grind the tool to the correct shape for a finishing cut 
and run it lightly over the thread two or three times to clean. out 
the bottom of the thread and a very nice cut will be the result. 



THE END. 
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l>atbe, aelFfHn' a aeeond hand. 

Lathe, iicreir cbnek 10 

Lathe, ecreT cnlting. evalering work 

in Ih I 

Latbe Kroir. atnd and iplndle 5 

Lathe, speHal milling carriage for. .13 



Lathe, ipeed of work in (he. . 
Lalhe iplodle lepn. reamer for 
Ijathe apindle. adiusliDenl of . 



Latha. aupporting thtn meWT dIbIm In 

the Sfl 

Lalhe. iwing of 8 

Latha. taper attaehmmt for , , . .100 

Lathe, threadlog pipia knigcr thin 



vlll 
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Lathe, threadinfc long pipes in a short. 159 

Lathe, threading pipes in the 151 

Lathe tool, cooling a 50 

Lathe tooL distress of 48 

Lathe, tool-post grinding destroys the. 57 

Lathe tool, side clearance 37 

Lathe tools, clearance and rake of . . . . 87 

Lathe tools, common forms of 88 

Lathe tools, models for grinding 88 

Lathe tools, never work with dull ... 44 

Lathe tools, i)roper setting of 89 

Lathe tools, simple, form of 38 

Lathe tools to be aaded with profit. . . 107 

Lathe tools, use of turpentine on 50 

Lathe tools, wedge action of 49 

Lathe, turning tapers in 24 

I^the v's, vertical wear in 10 

Lathe, what kind of t 11 

Lathe, wing, dog 108 

Lathe work, forging closer than Ill 

Lathe work, high polish on 54 

Lathe work jigs 98 

Lathe work, soap suds or oil for. ... 50 

Lathe work, straightening 31 

Laying out a crank shaft 144 

Laying out a crank shaft jig 113 

Lead or babbitt metal hammers 25 

Lead-screw clamping, caution in ... . 80 

Lead screw, clamping with the 30 

Lead screw, split nut on 59 

Lead screw, tests of 10 

Leather and rubber belts 150 

Leather faced wheels 57 

Leather fillets for pattern comers. . . .142 
Leather fillets, method of applying. . .142 
Left hand threads, change gears for 

cutting 61 

Length of belts 140 

Length of belts, determining the proper 15 

Length of pulley hubs 82 

Length of pullev hubs, calculating the. 140 
Levelling and snimming lathe bed... . 13 
Level surface for polishing, obtaining a 54 
Lever and peening straightening of 

shafting 81 

Lines, center, making of 113 

Lining up steady rests 33 

Line, putting centers in 22 

liimit of error in turning 32 

Limit to size of pulleys 146 

Logs, boring for pump 102 

Long shafting, straightening 31 

Long shafts, turning 32 

Lost by filing, cylindrical form .... 51 
Lost motion in cross feed screw. ... 10 
Lowering and raising point of tool. .. 36 
Lumpy and rough chips 48 



M 

Making a handy chuck 84 

Making a quarter-turn crank shaft. ... 110 

Making a star lathe dog 103 

Making a wall bracket 130 

Machine blarksmithing 127 

Machine, milling, dividing head for.. 121 
Machine work, the keynote of success 

in 119 

Machines and tools, cost of special.. 120 

Machines, profitable special 108 

Machines, rig up many special 119 

Making center lines 113 

Making drawings 127 

Making holes in house moving rolls. .101 

Making lathe ready for use 21 

Making wooden rolls lOt 

Making a pulley 137 

Making a pattern for a collar 104 



Making rough and fine cylinder tam- 
ing adjustments 98 

Making vs. manufacturing 98 

Marking bricht work 118 

Marking on bright work with sulphate 

of copper solution 114 

Marking roush surfaces, chalk freely. 114 
Marks for adjustments of tail center. 24 
Marks of tools removed by filing .... 51 

Material for patterns 140 

Means of collar and wedge adjustment 

of tool 86 

Mechanical, department-store 127 

Melting iron, small cupoU for 135 

Metal, chucking of odd shaped pieces 

of 86 

Metal particles in file teeth 52 

Metal plates, thin in the lathe, sup- 
porting 86 

Metal, turning to remove 44 

Metal wasted on emery wheel 48 

Method of centering with chalk 28 

Method, proper, of specifying pulleys. 82 

Method of catching threads 68 

Method of filling comers , . 142 

Method, good, of lacing belts 16 

Methods of using wood boring tools. .102 

Method of mixing plaster 95 

Method of taking up wear of bearings. 22 
Method of centering borhig bar in 

cylinder 98 

Methods of tool adjustment 35 

Method of using glue 143 

Miling carriages special, for the lathe. 122 

Milling, horizonUf 123 

Milling attachments for the Isthe 128 

Milling in the lathe 119 

Milling in the lathe, jigs for 107 

Milling in the lathe, necessary appara- 
tus for 120 

Milling machine, dividing head for. . .121 

Milling requirements 120 

Milling slide rest 122 

Minute, diameter of work giving 

twenty ft. to the 46 

Minute, twenty ft. per., figuring belt 

speed for 45 

Mixing plaster, method of 95 

Mixing slow setting plaster 96 

Mix your machines, do not do it. . . .119 

Models for grinding lathe tools 38 

Modem box gear arrangement 63 

Modem dividing head 125 

Molding and pattern work 132 

More scraping cuts 105 

Motion, lost, in cross-feed screw.... 10 

Mounted on slide rest, cylinder 91 

Mounting a cylinder on a face plate . . 90 
Mounting a cylinder with Plaster of 

Paris 92 

Mounting cylinder by the flanges ... 91 

Mounting pipe in the lathe 1 54 

Mount Vernon cotton belts 149 

Movement of file, proper 52 

Moving the tail center 24 



N 

Nature's design for fillets 142 

Necessary apparatus for milling in the 

lathe 120 

Necessary clearance for a boring tool. 69 
Necessary, frequent tests of centers. . 24 

Necessary straightening 31 

Necessary, two surface gages 114 

Necessity of frequently dressing emery 

wheels 56 

New files, treatment of 52 



Kumiail aDd iniul ctl«arwr dI piptt.isi 
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•Vol protlublt ID mix jout iBKtklHa.llB 

If Bl. •plil. iDd emn 11 

Xat, «plt[. on l»<1 icnw BB 

KM. WMT in 10 



Odd (hiiwd piMU ul niMil. cbnrklnc. SS 

Oil, tMinn 107 

Oil. UH or, wbta thipplns wmuEhl 

OrdH. korpmg aoerr wheel la SS 

(Ibttiiui* piece*, chaeking, with rai- 

cinrd pUMer SB 

ObUiiilag ■ l«nl inrfue for poliihinc. 54 

ObulDlne eitiema Mcunci BO 

OblalnluK Poe floiih 40 

OHUidE uid inilde lamUi( loolt tar 

Ahite real wood laminc ...101 

Ocerheid Foanunhatl U 

Of erhnd dnun tor (riodlBi S4 

OiM-haDC nl tool, ■upportinc 30 

Ornbcnd (rindlni ng. (mlpod, fur. S5 

P 

Pukinc itead; piecu with piper. ... 118 

"-■-"n« petlerB* 142 

. and (lniiKbi-cd(e teil 9 

. r paekins 7ur iiMdT'plecea. . , .IIB 

radoi, belt ud ptilley 141 

■■llel blotia, rradDel«d lenpb SS 

rtlclM of meU] in Ala teeih S2 

comeri. fillcu tor 143 

I, camera an 141 

^ J. drafting 18a 

nitcni diBvliiKi of pnUejr bub 1ST 

Attorn tar a eollsi, nuking ■ 104 

WJ^«. rluina up 143 

_... m, painllnB '.'.'.'. 143 

PilUm ibpe and ptaportloa IDS 

Paturai, ihrink in IS4 

PutKon*. aplil 141 

Pallan, taper or draft of 143 

Pallcn^ taming, tor a eoUai inB 

FaUATBI, turning up 103 

PalUn work and moldlnc 132 

Pttttrn irork, fare plate 104 

FaninC and tern itrilghteDlnf of 

^ug, eiraiKh'ieniVV hy". '.'.'.'.'.'. '.'.'. 81 

-■-- ■ g imp.imible '..'. 32 

il, rhurking odd aheped*. 80 
Mei, rhufking ub.iinaW. irilb cal- 
^ eiBM plaaicr 80 

I, ataaidr, packed wllh paper , ... 1 1 8 

■ email, cfaucking wllh wm. 8T 

— . - JIo BB 

J, WTtal, luming one lor e rnnk- 

Itaft lis 

-1, cutting a taper Uinad l.'>!i 

" 'tb, iDtanal 158 

. . t» (hell tor terr large .... 163 
. la tlw laihe, enlfing off and 

-*—««■ 154 

. lOt&x. In Ike lath* . IB4 

a In abort lathe, threadlog ISO 

---■■- lattia. (breeding ISl 

>l and Birtnal diameter ot.lBI 




Pipea, threading longer thai 
-pocial . 

Pipe thpsadi. pitch of' " 

Pipe tbreada, alandard lapor ot.. 

Pilch ot jripe (breed* 

Plugging epindte 

Plomb babe, aligning ihatling with.. 
PlBcea, filing --- 
Piacea In belt, 

Plaiter, cl 

calcined 



obitlnale plaeee with 



Plate, race, bolta and idjuatbit aerewal 8 

Plate, face, ehnck. nalng a S 

Plata, lace, tor patterawork tO 

Plate, face, temovtng center before 



Plate, index 

Plate, Indei, an ancient . , . 

Plole, face, large 

Plate, faee. wfid , . 

Plate, iaika faoB, supporting a 



I 



Point o( tool, lowering and raiaiug ot. SS 

Po ni of lool. nroje^ng 4B 

Pouit ot tool, afaarpening 44 

Point of tool worn off 47 

PoIIah on latbe work. Ugh S4 

Pollabed. Bling work to be . SI 

Poliahing and buRlnr ST 

Poliahing b] ibe lathe 107 

Poliahing, obtaining a lerel larfMa. 

for , . 64 

PollihlBg or Aniihing Irregular nr- 

tact* 57 

Polishing whsela. eonatrvetlan of... 5T 

Polishing with chalk or da* SI 

Poor grinding, ateel waalej by 48 

Poor pnctiae, drilling in Ihe lathe. . . DO 
Poaition at eotting edg* of tool , , . . 85 

PoM, tool, •djnaimenl of a SS 

Poal, tool, importaner of a good. , . . SS 
Port, tool, of lathis bollow center ln.103 

Poat, tool. Dee ot the 8S 

Pouring plaaler around tjUaitt , . . flfl 

Power, catculetlona 145 

Power drill 08 

Power ot a belt 148 

Power, holding, of adjaatlng aerev*. IS 

Power hack eaw. bar a 108 

Ptaetiae, bad ebock TI 

Prartlae. poor, drilling la the latbe. . M 

PreM, drill, Jiga tot SS 

PieM. trrew, etraighteatiig 81 



INDEX. 



Principle of water flnishing onU.... 42 

Prints, core 141 

Profitable special machines 108 

Profit from the addition of certain 

lathe tools 107 

Projection of tail spindle 27 

Proper and improper punch holes . . 17 
Proper length of belts, determining 

the 15 

Proper method of specifying pulleys. . 82 

Proper movement of file 52 

Proper position of cutting tool 85 

Proportions and pattern shapes. .. .182 

Proper setting of Doring tools 77 

Pioper setting of lathe tools 89 

Proper size of center drill 29 

Proper speed of lathe 44 

Protecting point of tool 48 

Pry-test of spindle 9 

Pulleys and belts, cost of 145 

Pulley and belt paradox ^ . 147 

Palley and belt surface contact 147 

P^ulley, backing or reverse 14 

Pulley, balancing a 148 

Pulley, belt running on edge of 21 

Pulley, built-up 139 

Pulley, chucking a 82 

Pulley, chucking a heavy 84 

Pulley, chucking, straps and bolts for. 83 

Pulleys, conical, badly turned 21 

Pulley, use of cone or step 34 

Pulley diameters, calculating 14 

Pulley diameters, formula for 14 

Pulley, draw filing a 147 

Pulley flanges, calculating the dimen- 
sions of 140 

Pulley, go-ahead 14 

Pulley hub, boring a ^ 143 

Pulley hubs, calculating the length of.l40 

Pulley hubs, flanged 137 

Pulley hubs, length of 82 

Pulley hub, pattern drawings of.... 137 

Pulley, making a 137 

Pulfeys, limit to size of 146 

Pulleys, proper method of specifying. 82 

Pulleys set square and level 21 

Pulleys, shafts and belts 144 

Pulley, special drive, for wood turning. 99 

Pulley, thickness or flange for 140 

Pulleys, wrought steel, split 137 

Pulling and pushing cuts 40 

Pump logs, boring 102 

Punching holes and lacing belts 15 

Punch holes, proper and improper. . . 17 

Pushing and pulling cuts 40 

Putting and getting work in the lathe. 82 

Putting the centers in line 22 

Putting work into the lathe 28 

Putty fillets for patterns 142 



Quality of belts 149 

Quarter* turn, crank forgings Ill 

Quarter-turn crank shaft, making a. .110 

R 

Radius, specify, for comers 141 

Rag wheels 57 

Raising and lowering point of tool. . . 36 
Rake and clearance of lathe tools. ... 37 
Rake and clearance varied by tilting 

tool 39 

Rake of top of lathe tool 37 

Ranping a pattern 134 

Rats and belt lacing 16 

Rawhide hammer 25 



Rawhide, lacing with 17 

Readings, incorrect caliper 94 

Reamer, clogging of 78 

Reamer for lathe spindle taper 97 

Reaming 81 

Reaming centers 29 

Reaming in the lathe 78 

Reaming spindle of lathe or drill .... 97 

Reference Dooks . . . ." 132 

Removing grease from flies 5 

Representation of cutting speeds, 

graphic 46 

Remove metal at forge or foundry. . . 44 

Remove tail center, to 26 

Remove tool maiics by filing 61 

Removing center before using face 

plate 80 

Removing metal, turning for , 44 

Removing skids 18 

Removing wax from work and face 

plote 87 

Requirements of milling 120 

Rest, adjusting of, slide 26 

Rest, construction of back 38 

Rest, construction of steady 32 

Rest, cylinder mounted on slide .... 91 
Rest, slide, outside and inside, tools 

for turning wood 101 

Rest, slide, wood cutting tooK for. . .100 
Rest, steady and chuck, use of the. . 70 
Rest, steady, artificial bearing for. . . 83 

Rest, steady, and its use 32 

Rest, steady, setting for boring 74 

Rests, two, steady, setting up 32 

Reversing chuck bolts 86 

Reversinp: feed when wood turning.. 101 

Reverse in lathe headstock 62 

Reverse pulley 14 

Reversing the lathe, running carriage 

back 67 

Rig, overhead grinding, tool post for. 55 

Rig up special machines 119 

Right hand threads, change gears for 

cutting 60 

Hinging, chuck drill 76 

Rod and screw feeds, damage to .... 81 

Rod, center driving 81. 

Rod-feed and screw-feed in gear at 

same time 80 

Rolls, grinding hardened 56 

Rolls, house moving, making holes in.lOl 

Rolls, wooden, making of 101 

Rough and fine cylinder turning ad- 
justments, making 98 

Roughing and finishing cuts 48 

Roughing and finishing pipe thread 

cuts 1 60 

Roughing and finishing thread cuts, 

taking 66 

Roughing and finishing thread tools. 48 

Rough and lumpy chips 48 

Roughing cast iron 48 

Roughing cut, tool setting for 48 

Roughing cut, taking a 49 

Roughing out and finishing jigs 117 

Roughing out wood for turning 100 

Round and straight turning 82 

Round-nose tools 89 

Rough surfaces, chalking before mark- 
ing on 114 

Rolls, turning 101 

Rubber and leather belts 150 

Rubber belt, defect of the 150 

Rub-oil cotton belts 149 

Rudimentary dividing head 121 

Running back carriage by reversing the 

lathe 67 

Running of belt on edge of palley. . . 21 
Run-off, for threads 66 




Shape* ot mMBi, chnRklBi Odd...., M 
ShspH. piitUrn. uS propartloni. . , ,133 

ShsniBg. chUElng tht tpied at 1>7 

Sblttlnf loDf. ttniKbtanlnc, ...... . 11 

ataaftine, ■tnifhtifaiBd br peaninc ud 

letM 81 

flli»fl,'onink, 'ji(i tor .' .'.'.'.112 

BIwft, oruk. U71DB onl a.... 114 

Shaft, ennk. larinE out • jig (or ■. .lis 
Shalt, ennli, tnniinK ■ wrlit^piD (orii.118 

Btwrpenlnt point of lool !.!!!! ** 

Bbwr, tingle, nrength of bnlt( in.. 1*0 

BhBllM Turniiii Ut 

Shell, exlr*. for Terr lirce p1pe,,..isa 

Shell pip* fenier ,1S< 

Shifllni Uilb. belt knvk of 33 

ShlDuniiiB nnd lorelling lUbe 18 

Bhoirvl. bur *, or clno Iba Islho SS 

Shtiok, kllaviBee for lU 

ahrink in p«t(en> ISt 

Side (leuwirv of liilbe tool. 87 

8ld« of a uatinr which U the bt«.14S 

Side tool! SB 

Blda tools. niH of 40 

eiDEle «be*r. itnngth of bolta in.. 140 

Sin* of wcti B 

SlmptB (Bd componnd ehansa fur*. . 00 

Simple lath« tooli, fonn ciI. SB 

Sliea of belt futrainp. ...,...,,.. .140 

«iM of lathe, beel to pstthau 7 

Siie o( piprt ISB 

Slie, proper, of eaitter drfll tB 

8<>e ol piille)^ Hmit Df 140 

Bl» nf Btt (cr*** laO 

BlEca of abaillKE. aUndard Bl 

SketPhM, Taloa nf lit) 

Bb-|.-.h habll, arquire the 110 

Skid". remoTinc 18 

Slfi.Tp bMrinjr 81 

Bllda real. ■djoMlnK of SB 

Slide retl and apron SB 

Slldr*Teo and bnadtlocsli, conalniftlon 

<a Bl 

Slide real vood tDmlng, entaide and 

Ina e tuoli lor 101 

m\i- reat, ryllndw mounteed on Bl 

eudf real lor mlllinc IBS 

Slide real for lalbe. holdlnc boll* tap- 
ped Into eanlan - BB 

Slid* real wood rntllng tool. lOO 

Bllpa. Arkanua, (or wood tanilnc 

„, loola 101 

Slit, nf 1>,.H. I4n 

!^" ■ T,',i.,\ni:: ;::::: «« 

f-trl% lot BT 

■■:.- I»n las 

s.ii. , .- »-iih'irM!!;: SO 

Sm_,, -,„.„-.; ,.,->- pi„i,- 79 

Smivll w..rk, linlling, .,n fare pUla... 7ft 

Saall vork, Fenle^nc. with wh 87 

Soap auda or oil for latbt work , . , GO 

Soda water. bnlllBa point of SO 

Soda water for Nnlahlnrr cuH SO 

Soft eopper haauBir 35 

Soft bead-Mnter 98 

Solid face plate 79 

8ofa)tloa e> lalshate of CBpp«r lor 

marktnjc on brifht work 114 

Bperlal roarfalnee and loola. real of. . .130 

RpwHal marhlnaa, Hg up nanx I IB 

Srpecial mai'hinw. profllable . 108 

apHlal ralllliw carrlMB for Iha Ialb>.t33 

SoMlal pip* tall MMera 1S3 

Special drin pall*; lor wood tunilni, OB 
Bpactallitnc n. c«ntnil)ilnB 1ST 
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Bp!ire, buLl. calcnLaHna; BtroDglh of. 
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Step or COOP pulley and its uiw 


i* 


Steal boshed hole. ii> in 





Bte«l wuted br iNKir KTiodinc 4 

Steal, wrought, apIK pilleTt 18 

Stiff loola. Diinc t 

filraighl and ircaiate borinit, lonla <or. 1 

Stralt>>l and beni thread looli S 

Slraiffht and roand. nmiiic ........ 8 

Straight edee and paper teat 

BCralgbtiuilni and aqoailtis-np vork. . I 

Slnightealns bj pmniDC 3 

atikllhlenlng lathe work » 

Stralfhtflnliif ■h^ftinj by peoiuaf ftnd 

StralghtcDins wlt^'dialk' iltid' kBTil! ! B 
SlraichteninK with the acrew preaa. . . S 
.Straiglii or taper front bearine conn. 1 
Jjlraina cauied by cooling cutin«...lS 
Straps and boltii (or puire; chucking. S 

Slranda. lacing, of bell, orouinc 1 

Store, mechimcai deparlmeat 13 

Stretch of bclW 15 

Strength of belt apUce 1 

Streiigtb of bell epiice, calpulaline- ■ ■ 1 

Strength of bolta 1d alngle ihear 14 

Strength of Iron. Cenails IS 

Stud and gear S 

Sludi. Blake belt 1« 

Slad. n^indle and Isthe arrow S: 

Support of lathe 1 

Supporting thin metal platen In the 

Sapporting tool oierhiinc, . . 3 

Surface and diameter, eai«ry grinding, 

Sarface contact,* pulleT' iind'bill! '.'.'.'.H 
Surface for pofiihing, obtaininK a 

Surface gage, conalmctinff i 11 

Surface enam. two nacesaarT 11 

Surface pUie. uee a 11: 

Surfaces, Rnlahing or pollahing irreg- 

SurfHcei. rough, chalkiiig before mark- 

Knd«, toap. or oil for' lathe -irork! !! ' 5' 

Rubilitule for a large chnck » 

Sorface, turning to obtain, Bniahed. . 4 

Surface npeed of work in lathe S< 

Socceaa in machine work, the key note 

of 11' 

Snlphate of copper tolution for mark- 

T 

Table of correction! lor acrev S 

Tail and head spindleB. teetlng 

Tail center adinetment marka 2 

Tali cenlera for pipe, apnial IS 

Tali center, hardening 2 

Tail center, remoTing ! 

Tali gpindte adjuatmeni 

Tail apindle. clnrnpinB of -a 

Tail iplndle, projectron of 2 

Tail Bpindle. epringing of Z 

Tail atoek. bloirkiog np i 

Taking -a rouglilng out *' 

Taking ronghmg and Oniabing thread 

Tuking thicli'cula *.'!.'!."!!!. '.'!!!!!! 4 
Taking up wear of bearing, method of. 2 
Tallow, emery set with 5 




Tool*, Iwlt, box for IB 

Tool, chncldne 1« 

Tool, boring, cltuaoce necenwry (or •. W 

TDoi!'?ooita« V. .*!.*:!!:;;:!:! ^ :;! ! so 

Tool, cDiI of rUunond SS 

Tool, cultlng'Off S» 

TedI, cultlDK, fmttT poiitloD of ... 8S 

TooH. dull. nit>er work with 44 

Tools for Fulting. cut Iron 8T 

Touli tar high ■peed work *1 

Tool! for ■iriishl and accDiuM boring. 77 
-I'rolH for luinmt cut Iron and brias. 30 

Tools. IilhB, form at limpls S3 

Toiila, front cnttini 8T 

Tool, fading front, increisei cleu- 

Toolpoat pinding dMtroyi the ialhe. 67 
Tool, grind, trom bottom 44 

Tool«!™h»n^'trloSin'r ot'.'.'.'.'/.'.'.'.'.'.lOt 
Tool*, indde and oDtiUdc taming, for 

•lide reat wood tnmlns 101 

Tool ImpropcrlT lel In loorpoat S9-40 

Tool, lathe. dlilr«» of 48 

Tool!. iDthp. propFT artting ot 39 

Tooli, lathe, to hi added with pnidt.lOT 
Tools, lathe, ale ol inrpenlin* on... SO 

Toolt, lathf, cleanioce and rake at . . . 3T 

Tool. I.lhe. lop talM ol 3T 

Tool. InChc, Bide clearance of 37 

Tools "to" <:n1fi'nj"b™'"*. '.'.'.'.'.'.'.'.'. S7 

Tni.ls, lathe, common (unna of 88 

Tools, Istbe. models (or Erinding. . . Sa 
Tool point, lowerine and raising of, SB 

Tool point, sharpEntng of 4* 

Tool, poinl of, worn off 47 

Tool poH and It! oae BS 

Tool pa«t, adJQStmenl of ■ SG 

Tool post, importance of a good US 

Tool post ol Whs, hollow cuiler in, ,10! 

Tool pon onrbead grinding rig SB 

Tool, position of ila enlling rdge. . . . SS 

TdoI. projecting point of 4S 

Tools, proprr setting of boring .... 77 

Tool-post aerew 88 

ToDlpoM set-screw, condition ol , , , . 8S 

Tool set sqnart with work 42 

T(ol. selling lor ronghing cut 48 

Tool, selecting ■ diamoM S* 

Tool, setting of. for flnishing enU *9 

Tonli. ataipE ol thread cullID* S8 

Tools, tide 80 

Tool, slide rest, for wood catting. .100 

I'oots. speclsl. (or eronony 08 

Tools, spoiling, on encrr wheal 48 

I'ool. temporary grinding of '4 

Tools, thread 80 

Tf.oli. Inslds thread BB 

Tools, thread, stiaigbt and bmt B9 

Tool, tilting, rake and clearance rirled 

by 88 

Tcnli. two handy hand lOS 

T<:Ola, using stiff 44 

Tool, wsMr finishing 80 

Tool, wi-dge action of lathe 4B 

Tools, irhen should bs ground 49 

Tool, wood cutting, grinding a 101 

Tools, wood tummg. Arkansaa allpa 

Tool, wood boring,' ragthod' ol nalng! 101 

Top take of Uthe tool 87 

TrscMog of belU ^1 

Tra'ening emery wheel pan th« work. 5S 

Ttestmenl ol new file* G3 

Trouble t>^eD by some bell^ eaiuc <il.l44 
Tinlng cenlm 30 
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V»ioe of atctcbs ..„ 

VsiiB cfliDdan, baring oat M 

A iried, T$kt and elcuwMB, br UlUnf 



W«li bnckat, cut Iron 131 

Wall bracket, making ■ 130 

Wai, ccDlerins UDatl Toric with B7 

VI ai, chuckiDg T«ry iraall piece* wiih. B6 

-VMOitTiBg-'al tinaiit Uw'.'.'.'. '.'.'.'. m 
V/mU. ptUKglng apindle with rotlon.. SI 

W.it.'d by poor gTindini. Ueel 48 

Waited OD emery wheel, metal 48 



Wedne .ction of lathe tool ' 

Weige adjuitiUK. artion of ; 

WedEP and rollnr tor Io«l DdjuilmeDl. : 
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Whefl dreaaiDg. emery, freqaent . . . 
\\'heel, amarj, diamond tool for dreaa- 
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Wing lathe dog 103 

Wire belt lacing, hammering 18 

Wire lacing, excellent 18-19 

Whitworth threads 65 

Wood cutting lathe tool, grinding. . .101 
Wood cutting, elide rest tool for. ... 100 

Wood, cutting when turning 100 

Wood, cup center jfor 104 

Wood bonng tools, method of using. .102 

Wooden rolls, making of 101 

Wooden shapes, chucking with 86 

Wood roughing out for turning 100 

Wood, scraping 99 

Wood, turning in the iron working 

lathe 99 

Wood turning lathe dog 102 

Wood turning, outside and inside, tools 

for slide rest 101 

Wood turning, reversing feed when.. 101 

Wood turning, secret of 100 

Wood turning, special drive pulley for. 99 
Wood turning tools, Arkansas slips 

for 101 

Work 81 

Work and face plate, removing wax 

from 87 

Work and tool, heat between 48 

Work, bad centering of 26 

Work, chucking in the lathe 81 

Work, chucking irregular 86 

Work, chucking with plaster 95 

Work, cut and try 110 

Work, centering in the screw cutting 

lathe 28 

Work, diameter of, giving twenty feet 

a minute 46 



Work, filing, to be polished 51 

A^ ork, file scratches in the 52 

Work, filing in the lathe 50 

Work. goo<C is impossible with a dirty 

file 52 

Work into lathe, putting 28 

Work, lathe, high polish on 54 

Work, lathe, jigs for 98 

Work, lathe, not as close as forging. .111 
Work, lathe, soap suds or oil for ... 50 
Work, machine, the key-note of suc- 
cess in 119 

Work, marking on bright 113 

Work, bolting small, on face plate. . 79 

Work, pattern and molding 132 

Work, pattern, face plate 104 

Work, putting and "getting," in the 

lathe 82 

Work, speed of, for filing 51 

Work, speed of in the lathe 34 

Work, straightening and squaring-up. 30 
Work, straightening, in the lathe. ... 31 
Work, traversing past the emery 

wheel 55 

Work, the first piece of 12 

Work, tools for high speed 47 

Work, traversing emery wheel, past 

the 55 

Work, turning t^per 106 

Work with an independent chuck, tru- 
ing up 78 

Work, with wax, centering small. ... 87 
Work, wood turning, outttide and in- 
side, slide rest tools for 101 

Worn Inthe bed 9 

Worn off, point of tool 47 



